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SUMMARY 


OBJECTIVE 

To  verify  the  fiber  opiic  data  bus  design  identified  in  the  FY78  system  analysis  and 
feasibility  study  by  building  and  demonstrating  operation  in  the  laboratory.  In  addition, 
to  identify  problems  and  reduce  the  risk  associated  with  the  development  of  a  tactical  USMC 
Command-Control  data  bus. 


RESULTS 

A  five-terminal  data  bus  operating  at  1  Mbps  was  built,  tested  and  evaluated  using 
state-of-the-art  fiber  optic  components.  The  data  bus  utilized  a  passive  16-  by  16-port 
transmissive  star  coupler  to  interconnect  typical  equipments  used  in  a  tactical  shelter 
system.  The  bus  system  was  operated  with  a  central  controller  and  also  with  a  distributed 
bus  control  algorithm. 


RECOMMENDATIONS 

Tlie  requirements  developed  herein  for  fiberoptic  components  should  be  included 
in  the  objectives  of  pertinent  manufacturing  technology  programs.  A  fail-safe  active  fiber 
optic  T-coupler  which  will  allow  multidrop  bus  architectures  to  be  extended  beyond  present 
technology  limitations  should  be  developed.  The  data  rate  of  the  bus  should  be  increased 
to  20  Mbps.  Further  development  of  distributed  control  algorithms  should  be  pursued 
using  the  data  bus  test  bed.  The  interconnection  of  buses,  as  in  multiple  shelter  applica¬ 
tions,  with  active  repeaters  should  be  developed  and  demonstrated. 
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1.  INTRODUCTION 


The  effort  described  in  this  report  was  carried  out  under  the  USMC  Command- 
Control  Technology  Direct  Development  Funding  Program  (Task  Area  Plan  No. 

ZF2 1 .203.080).  The  objective  was  to  construct  and  evaluate  a  fiber  optic  data  bus  in 
the  laboratory  based  upon  the  conclusions  reached  in  NOSC  Technical  Report  342, 

Marine  Corps  Command  and  Control  Fiber  Optic  Data  Bus  Feasibility  Study.*  This 
data  bus  represents  an  optimum  design  determined  by  typical  Marine  Integrated  Fire  and 
.\ir  Support  System  (MIFASS)  requirements,  existing  data  bus  architectures  and  protocols,  and 
state-of-the-art  fiber  optic  components.  The  MIFASS  requirements  were  selected  as  typical 
for  post- 1980  USMC  CommainFControl  data  bus  requirements. 


II.  BACKGROUND 

Military  data  bus  technology  has  been  developed  to  fulfill  platform  operational 
requirements  for  increased  maneuverability,  survivability,  reliability,  and  maintainability. 
The  data  bus  utilizes  a  conimon  transmission  path  for  signal  transfer  within  an  electronic 
system.  The  application  of  fiber  optics  to  the  data  bus  offers  significant  advantages  over 
systems  utilizing  metallic  conductors.  The  fiber  optic  transmission  medium  neither  causes 
nor  picks  up  EMI  or  RFI,  has  high  bandwidth,  excellent  isolation,  light  weight,  small 
volume,  and  low  transmis.sion  loss.  This  project  seeks  to  exploit  fiber  optics  technology 
for  the  benefit  of  the  USMC  Command-Control  System. 


III.  APPROACH 

A  system  analysis  to  develop  an  optimum  system  design  based  on  typical  require¬ 
ments.  existing  data  bus  architectures  and  protocols,  and  state-of-the-art  fiber  optic 
components  was  performed  in  FY78  and  is  described  in  NOSC  Technical  Report  342.  During 
FY79  the  fiber  optic  component  requirements  for  the  data  bus  system  were  identified, aand 
procurement  or  in-house  fabrication  of  these  components  was  begun.  In  FY80  a  fiber  optic 
data  bus  test  bed  was  established  which  permitted  equipments  to  be  interconnected  in  a 
representative  Marine  Corps  Command-Control  configuration.  Evaluation  of  alternative 
fiber  optic  components  was  accomplished  together  with  data  bus  system  testing.  A  five- 
terminal  fiber  optic  data  bus  was  demonstrated. 


IV.  DATA  BUS  DESCRIPTION 

The  fiber  optic  “data  bus  system”  is  a  collection  of  functional  elements  including 
fiber  optic  cables,  couplers,  connectors,  transmitters,  and  receivers  associated  together 
to  provide  for  the  distribution  of  information  between  or  among  components  of  a  larger  system. 
The  data  bus  system  includes  everything  between  access  ports,  which  provide  for  the  connection 
of  the  external  equipments  to  the  data  bus.  The  interface  provided  at  these  access  ports  is 
directly  compatible  with  the  associated  equipments. 

*  Marine  Corps  Command  and  Control  Fiber  Optic  Data  Bus  Feasibility  Study.  NOSC  TR  342, 

1  November  lOTb.by  A  Schaefer, 
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The  “data  bus”  refers  exclusively  to  the  medium  shared  by  the  users  which  is  used 
to  spatially  distribute  signals  within  the  data  bus  system.  The  data  bus  serves  only  to  provide 
a  path  for  the  signals  and  does  not  change  their  nature,  as  by  nonlinear  processing. 

The  bus  terminal  units  are  the  devices  which  act  as  interfaces  between  the  data  bus 
and  the  access  ports  to  the  bus.  These  units  provide  for  all  functions  required  to  effect 
information  transfer  via  the  bus,  such  as  encoding,  formatting,  timing,  synchronization,  and 
modulation/demodulation  of  a  carrier  appropriate  to  the  data  bus  medium.  Included  in 
the  bus  terminal  units  for  the  fiber  optic  data  bus  system  are  the  fiber  optic  transmitter 
and  receiver  and  the  bus  interface  unit  (BIU).  The  fiber  optic  transmitter  and  receiver 
convert  between  electrical  and  optical  signals.  The  bus  interface  unit  performs  the 
queuing  functions  necessary  to  allow  information  to  be  passed  on  the  bus  serially,  that  is, 
from  one  terminal  unit  at  a  time  to  one  or  more  receiving  tenninals. 

A  generalized  block  diagram  for  a  fiber  optic  data  bus  appears  in  figure  1 .  This 
illustration  is  an  example  of  a  system  employing  a  transmissive  star  coupler  for  signal 
distribution  and  a  central  bus  controller.  Other  configurations  are  possible. 
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Figure  1 .  Generalized  block  diagram  for  a  fiber  optic  data  bus. 
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A  block  diagram  for  the  Marine  Corps  Command  Control  data  bus  discussed  in  this 
report  can  be  found  in  figure  2.  The  requirements  for  this  data  bus  were  derived  from  the 
MI  PASS  requirements  which  are  considered  typical  for  the  post  1980  era.  A  summary  of 
these  requirements  follows: 

1.  Interconnect  a  maximum  of  256  terminals  within  a  command  post:  32 
terminals  within  a  single  shelter. 

2.  Accommodate  user  data  rates  up  to  32  kbps. 

3.  Composite  bus  data  rate  of  10  Mbps. 

4.  Low  error  rates  terminal  to  terminal. 

5.  Fail-safe  bus  control. 

The  data  bus  discussed  herein  has  demonstrated  the  following  characteristics: 

1.  Five  terminals  interconnected,  with  16  terminal  connections  possible. 

2.  Accommodates  user  data  rates  of  1 10  bps.  4800  bps,  and  1  Mbps. 

3.  Composite  bus  data  rate  of  1  Mbps. 

Q 

4.  Terminal-to-terminal  bit  error  rates  of  a  few  bit  errors  in  10  bits  transmitted. 

5.  Microprocessor  bus  interface  unit  utilizing  a  MIL-STD-1 553B  protocol  with  a 
central  controller  and  with  a  fail-safe  distributed  controller. 


V.  COMPONENT  TECHNOLOGY 


A.  GENERAL 

This  discussion  of  the  data  bus  system  is  divided  into  five  component  areas:  fiber 
cable,  fiber  optic  connectors,  multiple-access  couplers,  fiber  optic  transmitters/receivers 
and  bus  interface  units. 

The  fiber  cable  used  for  interconnections  was  chosen  to  match  the  fiber  used  to 
constnict  the  coupler.  The  development  of  fiber  cable  is  leading  the  development  of  other 
fiber  optic  components  and  is  considered  to  be  a  very  low-risk  item. 

The  fiber  optic  connector  is  considered  to  be  a  high-risk  component.  A  large 
number  of  manufacturers  are  engaged  in  production  of  fiber  optic  connectors.  Expensive 
and/or  extensive  tooling  and  elaborate  termination  procedures  are  factors  which  make 
field  termination  impractical  for  some  connectors  and  affected  the  choice  of  connectors 
for  evaluation.  The  connector  types  used  on  each  of  the  two  star  couplers  were  evaluated. 
The  results  are  discussed  in  detail  in  Section  V.C. 

The  most  critical  component  was  the  transmissive  star  coupler.  Only  a  few  manu¬ 
facturers  could  be  identified  that  had  produced  developmental  star  couplers.  This  program 
was  limited  to  the  purchase  of  only  two  couplers  for  evaluation  because  of  their  high  cost. 
A  number  of  star  couplers  procured  under  other  programs  were  also  available.  Star  coupler 
technology  is  discussed  in  detail  in  Section  V.D. 
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Figure  2.  Block  diagram  for  the  Marine  Corps  C"  Fiber  optic  data  bus. 


Tlie  requirements,  as  determined  by  the  system  analysis,  for  fiber  optic 
transmitters/receivers  for  use  in  the  bus  system  were  compared  with  advertised  specifica¬ 
tions  for  comnu  rcially  available  units.  A  satisfactory  correlation  was  not  obt;iined.  so 
in-house  design  and  fabrication  of  these  units  was  undertaken.  The  results  of  this  effort 
are  discussed  in  detail  in  Section  V.li. 

In  order  to  dynamically  test  the  fiberoptic  data  bus,  a  bus  controller  and  a  number 
of  bus  interface  units  (BIU)  were  required.  An  Intel  SDK-86  microcomputer  was  selected 
to  perform  both  functions.  This  selection  was  based  on  availability,  applicability,  and 
familiarity  with  Intel  programming  and  debugging.  Tlie  Intel  microcomputer  was  pro¬ 
grammed  to  provide  a  distributed  control  protocol  for  the  data  bus.  The  distributed  control 
bus  modification  was  accomplished  by  reprogramming  the  microcomputer  PROMs.  A 
complete  description  of  the  BIU  is  given  in  Section  V  F. 

B.  FIBER  OPTIC  CABLE 


1 .  General 

The  Marine  Corps  Command  and  Control  Shelter  data  bus  application  requires  a 
cable  that  is  based  on  singlc‘-fiber  technology,  that  is  lightweight,  small,  strong,  flexible  and 
that  has  low  optical  transmission  loss.  These  requirements  were  established  in  the  data  bus 
feasibility  study. 

2.  Essential  Characteristics 


a.  Attenuation.  The  attenuation  characteristics  of  graded-index  fibers  are  usually 
specified  between  600  and  1300  nm.  The  attenuation-versu.s-wavelength  curve  contains 
several  local  minima  which  can  be  exploited  when  choosing  the  operating  wavelengths  of 
light-emitting  diodes  and  photodiodes  for  fiber  optic  systems.  The  system  analysis 
established  the  feasibility  of  a  data  bus  system  using  fibers  with  an  attenuation  of 

20  dB/km.  The  state  of  the  art  is  well  under  10  dB/km  between  800  and  900  nm.  The 
short  lengths  required  assure  minimum  risk  for  this  fiber  cable  characteristic. 

b.  Strength.  The  Ml  PASS  specification  re<|uires  that  the  non-shelterized  command 
center  cable  not  sustain  any  damage  as  a  consequence  of  being  tread  upon  by  a  250-lb 
person  wearing  combat  boots.  Cable  manufacturers  are  applying  the  technology  of  high- 
strength  ruggedi/ed  wire  cable  to  fiber  optic  cable.  High-strength  fiber  cable  can  be  made 
with  a  non  metallic  strength  member  so  that  it  is  entirely  nonmetallic. 

The  strength  requirements  are  less  stringent  where  the  data  bus  is  inside  a  rigid 
shelter,  with  the  result  that  ati  internal  strength  member  may  not  be  required.  A  very 
small,  lightweight  cable  can  be  used  for  the  in-shelter  application. 


c.  Temperature.  The  MIFASS  temperature  a-quirements  arc: 

Operating  -28°C  to  +65°C 

Non-operating  -62°Cto+71°C 

Cables  whose  performance  exceeds  these  temperature  specifications  are  available 
from  a  number  of  manufacturers,  including  Times  Wire  and  Cable  and  Galileo.  These 
cables  are  fabricated  from  glass-clad  fibers.  Transmission  loss  of  currently  available 
plastic-clad  fibers  increases  at  very  low  temperatures.  The  choice  of  cable,  however,  should 
not  be  based  solely  on  the  current  situation,  since  fiber  technology  is  changing  rapidly. 

Our  knowledge  of  fiber  characteristics  is  continually  growing  and  being  revised.  The 
effects  of  temperature  on  fiber  performance  is  an  example.  There  is  relatively  little 
information  available  in  this  area.  Continued  evaluation  of  fiber  perfonnance  is  recom¬ 
mended  to  determine  suitability  for  this  application. 


d.  Radiation  Hardening.  Optical  communication  systems  for  military  applications 
will  be  required  to  withstand  exposure  to  nuclear  environments.  The  MIFASS  specifica¬ 
tion  contains  nuclear  environment  requirements.  Optical  losses  several  orders  of  magnitude 
greater  than  the  intrinsic  fiber  loss  can  be  induced  by  relatively  low  levels  of  radiation. 
Induced  optical  attenuation  due  to  radiation  varies  greatly  as  a  function  of  fiber  type, 
manufacturer,  dose  rate,  total  dose,  temperatures,  etc.  Some  plastic-clad  silica  fibers 
recover  fully  in  10  ps  to  1  min  after  a  moderate  radiation  dose.  All-glass  fibers  vary  in 
their  total  absorption  and  recovery  time  depending  on  their  precise  chemical  composition. 
Much  work  has  been  done  in  this  area  by  E.  J.  Friebele  et  al  of  the  Naval  Research 
Laboratory  and  is  described  in  the  November-December  1979  issue  of  Optical  Engineering 
There  is  no  quick  answer  as  to  which  fiber  is  best  for  deployment  in  a  nuclear  environment. 
In  choosing  a  fiber,  it  is  necessary  to  completely  specify  the  nuclear  environment  and  the 
operating  conditions  that  the  fiber  will  encounter. 

.?.  Summary 

A  cable  that  meets  the  attenuation,  strength,  and  temperature  requirements  is 
available.  No  specific  advantageous  differences  were  observed  between  a  100-  and  a 
ZOO-pm-core-diameter  fiber  Additional  development  is  necessary  in  the  area  of  cable 
standardization,  temperature  range  of  PCS  fiber,  and  radiation  hardening. 


C.  FIBER  OPTIC  CONNECTORS 

The  lack  of  suitable  single-fiber  optical  connectors  is  the  major  roadblock  lO 
widespread  military  use  of  single-fiber  systems. 


1.  Essential  Characteristics 

The  essential  characteristics  which  must  be  considered  in  selection  of  a  fiber  optic 
connector  are  discussed  below. 
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a.  Connector  Insertion  Loss.  The  connector  insertion  loss  is  the  relative  optical 
power  loss,  expressed  in  decibels,  due  to  the  introduction  of  a  mated  connector  pair  in 
series  with  a  fiber  optic  cable.  Factors  influencing  insertion  loss  include  lateral  and 
angular  misalignment  of  the  fiber  core,  fiber-to-flber  end  separation,  and  Fresnel  reflection 
losses. 


b.  Repeatability.  The  connector  repeatability  is  the  variation  of  connector  insertion 
loss  over  a  number  of  mating/unmating/mating  cycles.  Most  fiber  optic  connector  manu¬ 
facturers  do  not  specify  this  parameter.  A  O..S-dB  variation  is  considered  very  good  for 
today’s  technology. 

c.  Alignment  Methods.  Fiber  alignment  consists  of  two  steps.  The  first  step  is  to 
mechanically  secure  the  fiber  end  within  the  connector  and  to  prepare  the  face  of  the  fiber 
so  that  it  is  optically  fiat.  Tlie  quality  of  this  step  is  a  function  of  the  connector  design  and 
the  skill  of  the  technician  doing  the  assembly.  The  second  step  is  the  alignment  of  the  fiber 
ends  within  the  mated  connector.  The  quality  of  this  step  is  primarily  a  function  of  the 
design.  A  common  realization  of  these  processes  is  by  means  of  metal  ferrules  attached  to 
the  fiber  ends  and  a  precision  bore  adapter  for  alignment.  One  connector  which  was  evalu¬ 
ated  used  a  watch  jewel  to  center  the  fiber  within  a  ferrule  and  a  precision  bore  adapter 

to  align  the  mating  fiber  fcrrulc.s.  Tlie  second  connector  evaluated  used  four  steel  pins  to 
center  the  fiber  accurately  in  the  ferrule  and  a  plastic  alignment  sleeve  to  align  the  ferrules. 

d.  Field  Installation.  Some  fiber  optic  connectors  must  be  factory  installed. 

Other  connectors  can  be  field  installed  but  require  special  tools.  In  tenninating  a  fiber 
cable,  the  end  of  the  fiber  must  be  cleaved  or  polished.  Polishing  usually  reduces  connector 
loss  but  may  m^t  be  convenient  to  do  in  the  field.  The  fiber  optic  connector  required 

lor  the  Marine  Corps  data  bus  application  must  be  capable  of  being  installed  in  the  field 
without  bulky  tooling  and  must  exhibit  a  low  repeatable  insertion  loss. 

e.  Single-  vs  Multi-Channel  Connectors.  The  majority  of  fiber  optic  connectors 
being  manufactured  are  of  the  single-channel  type.  Tlie  connectors  evaluated  were  of  the 
single-channel  type,  hut  the  design  concepts  have  been  applied  to  multi-channel  connectors. 
The  data  bus  re(|uirements  for  system  setup  time  and  march-order  time  dictate  use  of 
multi-channel  connectors.  The  optimum  configuration  for  data  bus  applications  requires 
dual-channel  connectors  at  the  transmitter/receiver  end  of  the  cable  and  16-  or  2-pin 
connectors  at  the  star  coupler.  Some  connector  manufacturers  are  producing  multi- 
ch.innel  i-dnnectors.  and  some  star  couplers  have  been  fabricated  using  multi-channel 
conncc  lois 


I  I 


2.  Test  Description 


a.  Connectors  Tested.  Two  fiber  optic  connectors  were  evaluated.  The  Amphenol 
906  series  (Pt.  No.  906-1  13-5000)  is  the  connector  utilized  by  the  Olektron  Corp.  on  their 
star  coupler.  The  ITT  Cannon  F'OT  series  connectr)r  was  utilized  by  ITT  l:/0  Products 
Division  on  their  star  coupler.  Test  cables  with  mating  cimnectors  were  fabricated  to  test 
each  coupler  and  to  interconnect  the  data  bus  system.  These  cables  provided  a  vehicle 
for  evaluating  the  fiber  optic  connectors.  Ten  cables  were  terminated  with  Amphenol 
connectors  at  each  end  and  three  cables  were  terminated  with  the  ITT  Cannon  connectors. 
Interchanging  and  reversing  the  cable  ends  allowed  a  satisfactory  number  of  samples  of 
connector  data  to  be  obtained.  The  connectors  were  tested  for  insertion  loss,  repeatability, 
and  rotational  variation. 


b.  Test  Setup.  An  optical  multimeter.  Photodyne  Model  22XL,  was  used  to  measure 
optical  power.  Tliis  instrument  indicates  directly  in  dBm  or  dBu.  A  reference  reading  was 
taken  with  the  optical  transmitter  connected  directly  to  the  optical  multimeter  via  two  short 
test  cables.  The  second  test  cable  was  inserted  in  the  link  in  order  to  strip  the  cladding 
radiant  power.  A  second  reading  was  taken  with  three  test  cables  in  series  between  the 
optical  transmitter  and  the  optical  multimeter.  The  reference  reading  was  subtracted  from 
the  second  reading.  The  result  is  the  insertion  loss  of  one  connector  plus  the  loss  in  a 
short  piece  of  fiber,  which  is  negligible.  The  connectors  were  subjected  to  a  repeatability 
test  by  mating  and  unmating  five  times  and  recording  the  insertion  loss.  Neither  connector 
tested  is  keyed,  and  the  insertion  loss  may  vary  slightly  with  rotation.  The  connectors  were 
rotated  ±180  deg.  and  the  insertion  loss  variations  were  recorded. 


3.  Test  Results 

The  optical  fiber  used  in  the  test  cables  should  be  identical  to  the  fiber  used  internal 
to  the  star  coupler.  The  Olektron  star  coupler  utilized  Galite  3000-LC  fiber,  which  is  a 
large-diameter  glass-core/glass-clad  fiber  (200  pm  core  diameter,  245  pm  clad  diameter). 

Tile  Galite  fiber  was  too  fragile  to  use  as  a  test  cable,  so  Valtec  DC'-PC08-02  cable,  a 
plastic-clad  200-pm-diameter  silica  fiber,  wys  substituted.  An  Amphenol  connector  was 
required  to  mate  with  those  on  the  Olektron  coupler,  but  a  type  specifically  intended  for 
the  Valtec  cable  was  not  available.  Valtec  advised  the  use  of  the  Amphenol  connectors 
for  Galileo  3000-LC  fiber.  These  were  on  hand  and  had  taken  nearly  6  months  to  procure. 
Various  techniques  were  evaluated  to  terminate  the  Valtec  fiber  with  the  Amphenol 
connector.  The  method  used  on  most  of  the  cables  resulted  in  excessive  insertion  loss, 
about  4  dB,  although  some  cables  had  losses  close  to  1  dB.  These  problems  and  the 
adaptations  required  prevent  a  fair  appraisal  of  the  Amphenol  connector. 

The  data  on  the  ITT  Cannon  connector  are  based  on  a  very  small  number  of 
readings  and  are  not,  therefore,  conclusive.  The  evaluation  of  these  connectors  yielded 
the  test  data  and  revealed  the  design  deficiencies  indicated  below; 
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AMPHHNOL  906  SERIES  CONNECTOR: 


(Terminated  with  fiber  not  specified  for  this  connector) 

•  Insertion  loss  varied  From  1.2  dB  to  4.3  dB. 

•  Repeatability  varied  <  0.5  dB  (unmating/mating  5  times). 

•  Rotational  variation  0.5  dB  maximum  (through  ±180  deg). 

•  Delrin  plastic  alignment  sleeve  came  out  of  many  connectors  during  unmating. 
Insertion  loss  increases  without  the  alignment  sleeve.  This  sleeve  is  very  small 
and  can  easily  be  lost  once  it  is  removed  from  the  connector  body. 

ITT  CANNON  EOT  SERIES  CONNECTOR: 

(Data  based  on  testing  of  three  terminated  fibers) 

•  Insertion  loss  varied  from  1.0  dB  to  1.6  dB. 

•  Repeatability  varied  <  0.6  dB  (unmating/mating  5  times). 

•  Rotational  variation  1.0  dB  maximum  (through  ±180  deg). 

•  Rubber  O-ring  frequently  came  out  during  unmating.  The  receptacle  must  be 
disassembled  to  replace  the  O-ring.  It  is  very  small  and  can  be  lost  easily  once 
removed  from  the  receptacle. 

•  Polished  fiber  ends  are  in  direct  contact  under  spring  tension  within  the 
connector.  Potential  for  scratching  and  chipping  these  ends  is  higli. 

•  Heavy  spring  in  one  connector  wore  out  after  mating  and  unmating  approxi¬ 
mately  360  times  during  testing  of  a  star  coupler. 

•  The  connector  is  made  for  use  with  uncabled  fiber. 


4.  Summary 

Tlic  evaluation  attempted  to  identify  a  connector  concept  which  could  be  the  basis 
for  an  operational  design.  The  Marine  Corps  Command  and  Control  application  requires 
a  low-loss,  ruggedized.  environmentally  sound  fiber  optic  connector.  The  connectors  tested 
were  intended  for  controlled  environments  and  cannot  be  expected  to  meet  the  Marine 
Corps  mechanical  and  environmental  requirements.  Both  connectors  have  serious  design 
problems.  The  Amphenol  and  the  ITT  Cannon  fiber  optic  connectors  tested  arc  both 
subject  to  the  loss  of  small  internal  components  while  being  unmated,  and  both  require 
the  fiber  ends  to  be  protected  to  maintain  acceptable  performance  levels.  These  design 
problems  must  be  corrected  before  either  connector  can  be  considered  for  the  data  bus 
application. 
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D.  MULTIPLE-ACCESS  COUPLERS 


The  FY78  analysis  determined  that  a  data  bus  architecture  utilizing  passive 
transmissive  star  couplers  would  best  satisfy  the  requirements  of  the  Marine  Corps 
Tactical  Command-Control  system.  Passive  reflective  stars  or  active  tee  couplers  could 
also  be  used  to  build  an  acceptable  system.  This  development  effort,  however,  concen¬ 
trated  on  the  passive  single-fiber  transmissive  star  coupler. 

A  transmissive  star  coupler  is  an  optical  power  divider.  Light  entering  one  of 
the  input  port  fibers  is  distributed  equally  to  all  of  the  output  libers.  See  figure  3. 

1 .  Essential  Parameters 

There  is  no  standard  terminology  for  star  coupler  performance  parameters.  Many 
manufacturers  do  not  adequately  define  the  parameters  they  use,  and  most  employ  defini¬ 
tions  unique  to  themselves.  Definitions  used  in  this  report  appear  on  the  following  pages. 


t  t  t  t 


a.  Number  of  Ports.  A  tratismissivc  star  coupler  requires  ati  input  port  anil  an  ouiput 
port  for  each  terminal  to  be  serviced.  Some  manufacturers  refer  to  a  star  coupler  with  It)  in¬ 
put  ports  and  16  output  ports  as  a  32-port  coupler.  Otheis  refer  to  it  as  a  l6-port  couplei.  A 
standard  nomenelature  such  as  “16-  x  16-port  transmissive  star  coupler”  should  be  adopted. 


b.  Insertion  Loss.  Insertion  loss  is  usually  defined  as: 

|> 

- 1 0  I og  p  ( see  figu  re  4  A ) 
ret 

Most  manulaeturers  ol  star  couplets  do  not  include  the  conneetor  loss  as  part  of  the  insertion 
loss.  A  designer  requires  a  total  coiq'ler  insertion  loss,  whieli  includes  the  eonnectoi  loss. 

(hie  maniifaetiMei  uses  an  extelleni  inelliod  fo  specify  fins  parameter,  an  insertion  loss 
n  .  Ill  \  I  he  iiiatiis  specifies  Pie  limitations  on  insertion  loss  lo,  eveiy  oiil|iul  poi  i  of  the 
c  upk:. 


c.  Lxcess  Loss.  This  internal  opti  al  power  loss  ineludes  all  losses  due  to  internal 
r.  tlections,  scattering,  absorption,  packing  fraction,  and  fiber  misalignment.  This  parameter 
IS  defined  as: 


V  p 

- 1 0  log  — ( see  I'lgu re  4 B ) 

”  in 

1  lie  iiuu'iiHude  of  this  characteristic  is  a  griod  indicator  of  the  tjuality  of  the  couplei.  I  cess 
loss  need  not  be  specified  by  (iie  user.  Specification  of  total  coupler  insertion  loss  is  more 
relevant  fnini  a  system  desigi  standpoint. 


d.  Optical  Signal  Range.  Tliis  parameter  is  usually  defined  as: 

Maximum  P 
'  ^  limimumP^^t 

Tlie  optical  signal  range  of  a  coupler  indicates  how  uniformly  power  is  distributed  among  the 
output  ports.  The  magnitude  may  affect  the  dynamic  range  requirement  of  the  associated 
fiber  optic  receivers.  Specification  of  average  optical  signal  range  has  been  used  to  make  the 
performance  of  a  coupler  appear  better  than  it  actually  is.  Average  optical  signal  range  is 
of  little  value  in  designing  a  system. 
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A.  INSERTION  LOSS 


B.  EXCESS  LOSS 


C.  OPTICAL  SIGNAL  RANGE 


Figure  4.  Star  coupler  test  parameters. 


e.  Directivity.  Tiiis  parameter  is  usually  defined  as: 


-10  log  — (see  figure  4C) 
in 

Tlie  specification  of  this  parameter  is  not  essential  for  the  particular  configuration  chosen 
for  the  data  bus  since  the  optical  power  reflected  back  into  the  transmitter  LED  will  not 
degrade  the  bus  system,  although  it  is  wasted  power. 


2.  Test  Description 


a.  Couplers  Tested.  Two  transmissive  star  couplers  were  purchased  for  evaluation. 

A  Ks-  X  16-port  coupler  using  a  glass  core  (200  pm),  glass-clad  (245  pm)  liber  and  Amphenol 
906  series  connectors  was  purchased  from  the  Olektron  Corp.  for  $1600.  A  19-  x  19-port 
coupler  using  a  glass  core  ( 100  pm),  glass-clad  (140  pm)  fiber  and  ITT  Cannon  Model  EOT 
connectors  was  purchased  from  ITT/Electro  Optics  Product  Division  for  $6176.  ITT  also 
otiered  couplers  using  plastic-clad  silica  fibers,  pigtail-terminated  couplers,  and  a  number  of 
alternate  connectors,  including  the  Hughes  multi-channel  and  Leeds  single-channel  connectors. 
A  Spectronics  16-  x  1 6-port  transmissive  star  coupler  purchased  and  tested  under  another 
project  approximately  2  years  ago  was  also  available.  Test  results  for  all  three  couplers 
are  compared  here. 


b.  Test  Setup.  It  is  difficult  to  test  separately  for  each  of  the  various  parameters 
which  make  up  total  coupler  insertion  loss.  The  following  will  describe  the  evaluation  of 
coupler  insertion  loss. 

Tlie  test  setup  for  both  the  Olektron  and  the  ITT  coupler  is  shown  in  figure  5. 
Test  cables  were  made  from  fibers  and  connectors  compatible  with  those  used  to  fabri¬ 
cate  the  coupler  under  test.  The  additional  test  cable  was  inserted  in  the  test  link  to  strip 
the  cladding  radiant  power. 

A  reference  reading,  in  dBm,  was  taken  with  the  optical  transmitter  connected 
directly  to  the  optical  multimeter.  This  reference  was  subtracted  from  each  subsequent 
reading.  The  difterence  represents  the  internal  coupler  losses  plus  two  connector  losses. 
Output  powers  were  measured  and  recorded  for  each  output  port  with  the  transmitter 
test  k  d  connected  to  each  input  port  in  turn  in  order  to  map  the  complete  ( 16  x  16  or 
19  X  19)  insertion  loss  matrix. 


3.  Test  Results 


a.  Test  Data.  Appendix  A  contains  insertion  loss  measurement  data  for  both  the 
ITT  and  Olektron  couplers.  A  histogram  of  the  data  for  each  coupler  is  presented  in 
figure  6.  Variations  in  manufacturing  and  loss  from  connector  to  connector  resulted  in 
the  spreading  in  the  histogram.  The  insertion  losses  are  summarized  below: 
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ITT  Coupler  l9±7dB 

Olektron  Coupler  19±5dB 

Spectronics  Coupler  23  ±  8  dB 

An  estimate  of  the  magnitude  of  coupler  insertion  loss  components  follows; 

Power  division 
Excess  loss 
Connector  (2)  loss 
Total  insertion  loss 

The  means  of  the  measured  values  are  very  close  to  the  estimated  value  of  insertion  loss. 
Tile  rather  large  variation  for  each  coupler  is  an  area  that  needs  improvement. 


12  dB 
5dB 
2  dB 
19  dB 


Figures.  Star  coupler  test  setup. 
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b.  Coupler  State-of-the-Art  Characteristics.  The  following  paragraphs  discuss  the 
current  state  of  the  art  of  the  transmissive  star  coupler  based  upon  testing,  study,  and 
analysis  of  the  units  described  above. 

(1)  FABRICATION  METHOD  —  Two  methods  of  coupler  fabrication  are  being 
employed,  the  discrete  mixing  block  method  and  the  fused  biconical  taper 
method.  See  figure  3.  The  mixing  block  method  employs  libers  attached  to 
opposite  sides  of  a  mixing  block.  Fibers  are  heated  while  twisted  and  under 
tension  to  produce  a  fused  biconical  taper.  Mixing  occurs  within  the  fused 
region  of  the  fibers.  The  simplicity  of  the  fused  biconical  taper  method 
suggests  that  it  might  be  employed  to  produce  more  reliable  devices  at 
lower  cost.  The  input-output  port-pairs  that  are  in  line  tend  to  have  signifi¬ 
cantly  less  insertion  loss  than  other  paire,  which  is  not  a  desirable  charac¬ 
teristic.  The  diagonal  row  in  the  ITT  coupler  data  in  Appendix  A  illustrates 
this  characteristic.  The  difference  is  approximately  5  dB  in  that  case. 

(2)  NUMBER  OF  PORTS  -  Transmissive  star  couplers  are  being  fabricated  with 
up  to  19  X  19  ports.  Tlie  number  of  ports  is  currently  limited  by  manufactur¬ 
ing  difficulties.  Couplers  with  32  ports  and  greater  are  technologically  feasible 
and  should  become  available  shortly. 

(3)  FIBER/CONNECTOR  LOSS  -  Spectronics  Corp.  and  ITT  used  a  100-pm-core- 
diameter  glass-core/glass-clad  fiber  to  fabricate  their  couplers,  while  Olektron 
Corp.  used  a  200-pm-core-diameter  glass-core/glass-clad  fiber.  There  was  no 
discernible  advantage  attributable  solely  to  fiber  core  size.  The  optical  signal 
loss  of  the  fiber  within  the  star  coupler  is  negligible  because  of  the  very  short 
length  u.sed.  Vendor  claims  for  single-fiber  connector  loss  range  from  0.7  to 

2  dB.  Measured  losses  for  connectors  used  in  the  evaluations  ranged  from 
1  to  4  dB.  Our  experience  indicates  that  the  connector  loss  realized  in 
practice  is  highly  dependent  upon  the  skill  of  the  technician  terminating  the 
fiber.  The  variation  in  connector  loss  contributes  to  the  dynamic  range 
requirement  of  the  optical  receiver.  A  connector  design  objective  should 
be  to  minimize  this  loss  variation  in  the  assembled  device.  The  fiber  optic 
connector  was  discussed  in  Section  V.C. 

(4)  EXCESS  LOSS  -  Excess  loss  for  all  three  couplers  tested  was  between  3 
and  6  dB.  This  parameter  can  be  reduced  greatly  since  the  theoretical  excess 
loss  of  a  coupler  is  less  than  1  dB. 

(5)  INSERTION  LOSS/OPTICAL  SIGNAL  RANGE  -  Test  results  were  as  follows: 

Insertion  loss,  dB  Optical  signal  range,  dB 


ITT 

19 

14 

Olektron 

19 

1 1 

Spectronics 

23 

16 

The  19-dB  insertion  loss  for  the  couplers  tested  is  acceptable.  Tlie  large  optical 
signal  range  needs  to  be  reduced.  The  unequal  division  of  optical  power  in  a 
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coupler  can  be  attributed  to  design  and  manufacturing  deficiencies.  The 
connector  loss  also  contributes  to  the  optical  signal  range. 


4.  Summary 

The  16-  X  16-  and  19-  x  19-port  transmissive  star  couplers  are  practical  components 
for  limited  use  in  a  number  of  operational  fiber  optic  data  bus  systems.  Repeaters  permit 
an  unlimited  number  of  users  for  bus  systems  having  cascaded  passive  couplers.  The  excess 
loss  and  optical  signal  range  of  the  coupler  are  parameters  where  improvements  would 
siinplify  overall  system  design.  These  coupler  loss  mechanisms  require  improved  designs 
and  manufacturing  techniques  for  improved  performance. 


E.  FIBER  OPTIC  TRANSMITTER/RECEIVER 


1.  General 

Transmitter  and  receiver  units  provide  the  electro-optic  interfaces  for  the  data  bus. 
The  performance  objective  for  these  units  is  to  produce  the  effect  that  would  be  seen  if  the 
input  to  any  transmitter  were  at  the  output  of  a  receiver.  The  accuracy  of  reproduction  can 
be  measured  by  comparing  the  state  (high  or  low)  and  location  of  the  transitions  of  the 
received  signal  with  those  of  the  transmitted  signal. 

Tliere  are  many  approaches  that  might  have  been  taken  to  accomplish  the 
objective;  the  one  used  is  based  on  a  relatively  simple  concept.  The  transmitter  produces 
an  optical  output  which  is  an  analog  of  the  binary  electrical  input  waveform.  The  receiver 
converts  the  optical  signal  back  to  electrical  form. 

Tlic  initial  objectives  for  the  data  bus  system  included  a  10-Mbps  data  transmission 
rate.  The  transmitter  was  designed  and  constructed  to  that  objective.  Subsequently  the 
data  rate  was  reduced  to  I  Mbps  to  facilitate  the  constniction  of  the  bus.  This  reduction 
allowed  an  LSI  integrated  circuit  to  be  used  to  format  the  data  and  a  microprocessor  to  be 
used  as  the  bus  controller  and  to  provide  interfaces  between  the  terminal  equipments  and 
the  bus.  The  alternative  of  developing  these  functions  would  have  increased  the  effort 
required  to  many  times  the  available  tasking.  The  design  of  the  10-Mbps  receiver  was  in 
progress  when  this  change  occurred.  A  decision  was  made  to  set  aside  the  work  on  this 
design  in  favor  of  one  dedicated  to  the  1-Mbps  application.  This  was  judged  to  be  the  best 
approach  to  meeting  the  timetable  for  having  an  operating  system. 


2.  Transmitter 

The  transmitter  output  level  needs  only  to  be  sufficient  for  the  receiver  to  differ¬ 
entiate  between  the  high  and  low  states.  The  transmitter  consists  of  circuits  to  provide  the 
required  input  compatibility  and  a  switch  to  turn  the  LED  on  and  off.  The  relative 
temporal  locations  of  input  transitions  between  high  and  low  states  must  be  preserved  in 
the  optical  output  signal  to  help  minimize  errors.  Propagation  delays  in  the  transmitter  for 
both  transitions  must  therefore  be  considered  carefully  and  equalized. 
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The  transmitter  appears  in  schematic  form  in  figure  7.  The  input  is  TTL  compatible. 
Circuit  propagation  delays  have  been  minimized  so  that  relative  spacing  of  successive 
transitions  is  retained  in  the  LED  current.  The  output  transistor  is  used  as  a  current  source 
to  assure  that  the  waveform  of  the  LED  current  is  not  affected  by  either  LED  nonlinearities 
or  associated  series  reactances. 

The  required  output  from  the  transmitter,  based  on  the  NOSC  TR  342  analysis,  was 
100  /uW  (-10  dBm).  It  is  more  reasonable,  however,  to  plan  on  50 /iW  (-13  dBm)  being 
available.  Propagation  delays  are  not  usually  significant,  but  the  associated  pulse-width 
distortion  is.  This  distortion  should  not  exceed  IfT/i  of  a  bit  time,  which  is  5  ns  for  a 
10-Mbps  data  rate. 

Rise  and  fall  times  of  the  transmitter  output  are  of  secondary  importance  compared 
with  the  difference  in  propagation  delays.  It  is  desirable,  however,  from  the  point  of  view  of 
the  receiver  design,  that  the  peak-to-peak  amplitude  of  the  received  signal  not  change  as  a 
function  of  the  data  pattern.  This  can  be  accomplished  by  assuring  that  each  transition  is 
completed,  within  some  acceptable  error  (say,  10'7 ),  in  one  bit  period.  Each  component  of 
the  link  contributes  to  slowing  this  transition.  The  contribution  of  the  transmitter  can  be 
minimized  by  making  it  appreciably  faster  than  the  receiver.  This  is  a  relatively  easy 
approach.  A  factor  of  about  three  faster  will  result  in  a  10'*  contribution  to  the  overall  transi¬ 
tion  times.  A  10-Mbps-data-rate  manchester-encoded  signal  would  then  require  transition 
times  of  5  ns  or  less. 


Figure  7.  Digital  transmitter  (non-inverting). 
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-V  Receiver 


Receiver  eli;ir;ieteristies  which  ilelermine  the  elTieaey  nl  the  data  hus  system 
mchitle  the  ranee  of  signal  levels  over  wliieli  acceptahle  operation  is  ohtained,  the  level 
of  signal  quality,  aiul  the  response  to  signal  hui-sts  ol  varying  strengths  and  temporal 
spacings.  Signal  range  is  ilet'ined  by  the  lowest  and  highest  signal  levels  which  hound 
a  continuous  range  ofsign  il  levels  over  which  an  acceptable  tpiality  ol  signal  transmission 
is  maintained.  Signal  ciuality  is  measured  in  terms  of  an  error  rate  for  data  entered  and 
received  at  any  bus  terminal. 

An  important  objective  in  the  rlata  bus  receiver  was  to  accommodate  as  large  a 
ilil't’erence  m  received  signal  levels  as  possible  aiul  to  minimi/e  the  elTecI  ol  previotis 
transmissions  on  the  eiirrent  transmission.  I  lectronic  circuits  do  not  rcspontl  instan¬ 
taneously  to  a  stimulus.  Delays  e.xist  brrth  in  responding  to  and  recovering  from  a  stimulus, 
rite  largest  signal  which  the  receivei  can  respond  to  in  a  controlled  tashion  is  ultimately 
iletermined  hv  the  available  |iower  sut>ply  voltages.  I'he  minimum  detectable  signal  is 
iletermined  by  electronic  noise  originating  m  the  input  circuit  ol  the  receiver  aiul  transients 
initiated  by  preceding  signals,  dins  signal  range  problem  is  not  entirelv  novel  or  unic|ue 
to  liber  o|)tics  ai'plications,  aiul  some  general  approaches  have  evoKetl  m  responding  to 
It.  Iliere  are  two  t'uiulament.il  afi|iroaches:  either  the  receiver  response  to  changes  m  the 
average  level  is  made  insigniticant  m  relation  to  its  response  to  the  signal,  or  Ihe  signal 
wavetorm  is  made  so  that  the  average  eoniponent  is  greatlv  rediued.  The  lormer  approach 
was  taken.  I  lie  illustrations  in  I'lgure  X  depict  some  a|iproa..!iev  m  iiu  lease  the  input  level 
at  which  a  receiver  will  overload.  In  I'lgure  X.A  a  vari.ible-gam  ^lage  is  shown,  llie  gain  ol'the 
stage  can  be  controlled  either  directly  or  through  .i  .is^.ided  sonl  rolled-, ittemiator  stage, 
flic  limiting  amplitler  is  .mother  .ipproach.  This  tv  pc  ot  .imi'liiici  li.i'  high  gam  lor  low- 
level  signals  .iiul  essen  ti.illv  zero  gam  tor  sign.ils  ,ibov e  the  limiting  lev  el  I  his  limiting 
lunv'tion  can  also  be  accomplisheil  m  a  st.ige  separate  iiom  the  .impliticr  When  subject 
to  a  high-level  input  signal,  the  amplitler  gam  must  change  beloie  the  .implitlcr  overloads, 

Ihe  vari.ible-g.im  amt'lifier  rerpiires  .i  lontrol  sign.il  to  vh.mge  its  earn.  Ihe  generation  ot 
this  sign.il  Is  It-  .'ll  encumbered  bv  overload  piobiems  ,nul  signal  d  davs,  I  uniting 
.implillers  do  not  reiiuire  ,i  control  sign.il  but  produce  severe  w.ivetorm  vlistortion. 

Limiters  which  ,irc  primanlv  constrameil  m  sign.il  li.iiullmg  s.ipabilitv  bv  the 
.ivail.ible  I'ower  supply  volt.iges  c.m  s.isily  be  built.  Such  s.ip.ibility  san  be  tar  m  excess 
ol  vvli.it  would  be  rei|uired  in  this  .ipplu .itioii  ,-\  dioile  liimtei  w.is  ev .limited  .iiul  this 
perlorni.ince  vonrirnievi  Ihe  .ippro.ieh  i  lioseii  lor  this  l.isk  w  ,is  to  design  .1  wide-r.mge 
receiver  nuorpor.ilmg  such  a  Inmtei. 

Lhe  overall  bloik  di.igr.mi  tor  the  receiver  appears  m  ligup'  b,  ]  |k-  b.isic  objective 
ol  Ihe  receiver  I'rocessmg  is  to  u\o'  ei  only  that  portion  ol  the  1  nconung  signal  wavetorm 
that  lies  .iboiit  the  inKlpoml  between  Us  peak  excursions.  This  p.irticular  portion  has  the 
property  ot  preserving  the  origm.il  loc.itions  ol  Ihe  signal  transitions.  The  receiver  is 
vlirect  coiipleil.  I  he  input  stage  converts  liie  optical  m|nil  signal  to  an  electrical  signal. 

Ihe  optical  signal  is  unipolar,  radiant  miensily  increasing  trvmi  the  (|uiescent  or  no-signal 
condition  (  onseipient ly  .  Ihe  resulting  electrical  signal  is  also  unipolar.  I  he  signal  is 
tillered  to  provide  high  ittenuation  above  the  cutotT  Irequeney  ll.T  Mil/  tor  a  l-Mbps- 
d.ita-r.ite  Manchester-encoded  signal).  Ilie  output  signal  lloni  the  lilter  butter  amplitier 
Is  split  into  two  parallel  paths.  In  one  ol  these  paths  a  peak  detector  captures  and 
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Figure  H,  Methods  to  delay  amplifier  overload. 
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Figure  Receiver  block  diagram. 


brielly  holds  the  signal  peak  level.  The  other  path  passes  through  a  delay  line  to  allow  the 
peak  deteetor  time  to  perform  its  function.  Outputs  from  the  peak  detector  and  the  delay 
line  are  combined,  so  the  resulting  sign;il  excursions  above  and  below  ground  are  equal. 

A  limiter  stage  greatly  amplilles  that  portion  of  the  combiner  output  waveform  which  is 
near  ground  level. 

Tliis  amplified  and  limited  signal  is  applied  to  a  comparator  to  regenerate  the 
original  data.  Ciain  is  kept  low  in  the  analog  portion  of  the  receiver  to  achieve  the  greatest 
dynamic  range.  The  dynamic  range  is  determined  by  the  ratio  of  peak  output  to  noise 
levels.  The  data  regenerator  provides  the  bridge  between  the  analog  portions  of  the  receiver 
and  the  digital  output.  Two  comparators  make  up  the  regenerator.  One  comparator 
receives  the  output  from  the  limiter,  a  fixed  R'ference  voltage  at  a  level  above  the  noise 
peaks,  and  an  enable  voltage.  This  comparator  produces  the  digital  data  output  signal. 

The  other  comparator  receives  an  output  from  the  negative  peak  detector  and  a  fixed 
reference  voltage  and  provides  an  output  enabling  the  first  comparator  when  the  optical 
input  exceeds  a  level  determined  by  the  reference.  Tliis  reference  represents  a  minimum 
input  signal  level  required  to  assure  that  the  output  data  error  rate  does  not  exceed  a 
maximum  limit.  The  enabling  signal  also  disables  the  sample-and-hold  circuit. 

The  ultimate  sensitivity  of  the  receiver  is  determined  in  part  by  the  dc  offsets  of 
the  various  stages  in  the  analog  portion  of  the  receiver.  These  offsets  affect  the  accuracy 
with  which  the  processed  signal  at  the  data  regenerator  input  is  centered  about  ground  and. 
consequently,  the  location  ol  the  transitions  in  the  output  data. 

An  auto-/ero  circuit  is  used  to  reduce  the  offset  at  the  input  to  the  regenerator. 

The  voltage  at  the  limiter  output  is  applied  to  a  sample/hold  amplifier.  The  output  enabling 
signal  from  the  regenerator  is  inverted  and  also  applied  to  the  sample/hold  amplifier  so  that 
the  limiter  output  is  sampled  whenever  there  is  no  input  signal  to  the  receiver.  The  output 
from  the  sample/hold  amplifier  is  fed  back  to  the  input  stage  in  the  proper  polarity  to  re¬ 
duce  the  offset  at  tlie  limiter  output.  Tliis  process  also  stabilizes  the  interstage  offset:  , 
thereby  reducing  error  in  the  detected  peak  level. 

The  reeeiver  includes  a  dc-to-dc  converter,  which  provides  bias  to  the  photodiode. 

A  single  transistor-tuned  collector-oscillator  converts  the  available  dc  current  to  sinusoidal 
variations  through  the  pnmary  of  a  transformer.  Tlie  transformer  secondary  steps  up  the 
voltage.  This  voltage  is  rectified  and  filtered  to  provide  the  high-voltage  de  output.  A 
second  transistor  regulates  the  output  voltage.  A  sinusoidal  oscillator  is  used  to  avoid  the 
production  of  strong  higli-frequency  signals,  as  would  be  the  case  with  a  switching-type 
converter.  .Such  signals  could  couple  to  the  receiver  amplifier  and  compromise  its  |ierfomiance. 

Tlie  assumptions  of  N()S(  fR  ,^42  led  to  the  following  requirements  for  the  receiver. 
Tlie  sensitivity  expected  of  the  receiver  was  -42  dBm  lor  an  error  rate  of  I  x  lO’*^.  The 
corresponding  electrical  signal-to-noise  power  ratio  for  this  error  rate  is  18.5  dB  when 
fiaussian  noise  is  assumed.  Therefore,  the  optical  noi  .e  equivalent  power  (NKP)  require¬ 
ment  for  the  reeeiver  is  -42  dB  -  4.3  dB  =  -51.3  dBm  or  7.4  nW.  The  port-to-port  loss 
allowed  for  the  demonstration  data  bus  was  25  dB  with  a  ±3-dB  variation.  This  loss,  in 
association  with  the  -I3-dBm  output  from  the  transmitter,  suggests  that  the  signal  at  the 
receiver  would  range  from  -41  dBm  to  -35  dBm.  It  was  suspected  that  a  mueh  greater 
range  would  actually  be  found  in  the  system  once  assembled,  and  the  design  objective 
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lor  tiu'  receiver  wjs  the  nKixiiniiii)  lluit  could  he  yehieved.  riie  niinimuin  response  time 
iiiveii  in  MIL-ST13-1  553  H  is  4  ps.  I'he  receiver  would  have  to  I'lilly  recover  Irom  an  input 
at  the  maximum  level  vvitliin  4  /as  to  properly  respond  to  a  rollowing  signal  at  tlie  minimum 
level  and  with  the  minimum  spacing.  Hie  maximum  pulse-width  distortion  was  to  he 
mimmi/ed;a  10'  '  change  would  he  acceptahle, 

4.  Construction 

The  transmitter  and  receiver  are  contained  within  the  same  enclosure.  The  circuitry 
tor  both  is  on  two  printed  circuit  hoards  which  plug  into  each  otlier.  Tlie  receiver  resides 
on  one  large  board,  while  the  transmitter  and  dc-t(vdc  converter  are  on  another,  smaller 
hoard.  Power  and  electrical  signal  ports  are  accessible  through  a  single  multi-pin  connector. 
Single-liher  optical  connectors  are  used  tor  transmitter  output  and  receiver  input.  Hie  Lh.l) 
and  photodiode  both  have  fiber  pigtails  to  enhance  coupling  efficiency  and  to  allow  these 
components  to  be  located  on  the  printed  circuit  hoards  in  electrically  advantageous 
positions. 

5.  Performance  -  Transmitter 

A  variety  of  LI  Ds  were  used  m  the  units  constructed  for  the  demonstration  system 
Tliis  is  rellccted  in  the  pertbrmance  data.  I’erformance  of  the  transmitters  constructed  is 
summari/ed  below; 


Po- 

Tr. 

Tf. 

Bias. 

Serial 

LI;D  Type 

pW(dBm) 

ns 

ns 

ns 

0 

LDL  160 

1  18(-d,3) 

17 

20 

4  spacing 

1 

1.1)1.  61  1 

1  18(-d.3» 

1  1 

12 

4  marking 

C30I33 

35  1-14  6) 

4 

10 

3  marking 

1  1)1.  |6() 

‘)2  (-10.4) 

17 

17 

3  marking 

4 

1  litaclii 

152  (-8.2) 

15 

14 

1 .5  marking 

s 

llit.ichi 

58  (-12.4) 

\otes  P^^  IS  the  high-level  optical  output  power; 

I  I  IS  the  rise  time  ol  the  optical  output; 

I I  Is  tile  tall  time  ol  the  optical  output; 

Bias  IS  the  ilifference  between  the  width  of  the  electrical  input  pulse  and 

the  optical  output  pulse  as  measured  at  the  50"  point. 

'Hie  emission  wavelengttis  of  all  the  above  LKDs  ranged  from  800  to  850  nm.  The 
one  unit  with  the  I.liD  selected  tor  this  application,  an  RCA  C.301.33,  showed  the  lowest 
power  and  the  fastest  transition  times  for  the  group.  The  measured  output  power  for  this 
device  is  notably  less  than  what  had  been  projected  for  the  optimum  system,  -10  dBm 
( 100  pW).  The  small-quantity  cost  for  the  LCDs  employed  in  the  transmitter  ranged 


from  $200  for  tlic  RCA  C30133  to  more  than  $300  each.  These  prices  reflect  a  limited 
Tiiarket  and  are  expected  to  fall  to  $50  or  less  when  production  quantities  become  larger. 


6.  Performance  -  Receiver 

Tlie  specification  of  a  receiver  for  use  in  a  specific  data  bus  need  only  state  the 
sensitivity  (minimum  input  signal  level  at  and  above  which  there  is  a  continuous  range  of 
signal  levels  where  a  maximum  acceptable  error  rate  is  not  exceeded)  and  the  signal  range 
(the  extent  of  a  continuous  range  above  the  minimum  input  signal  level  for  which  the 
error  rate  does  not  exceed  the  maximum  acceptable  value). 

If  there  is  no  specific  data  bus  clearly  intended,  then  more  performance  parameters 
will  be  required  to  describe  the  receiver  performance,  A  suggested  listing  of  such 
parameters  appears  below: 


Noise  equivalent  power  (NHP)  -  maximum  average  value  at  a  specified 

wavelength 


Sensitivity 

'  as  described  above,  at  a  specified  wavelength 
measured  using  a  specified  data  pattern  and 
transmission  format 

Signal  range 

'  minimum  continuous  range  of  input  signal 
levels  at  a  specified  wavelength  above  the 
level  at  which  sensitivity  is  specified  for 
which  all  specified  performance  parameters 
are  valid 

Word  spacing 

~  minimum  allowable  spacing  between 

successive  received  data  words,  each  having 
any  level  within  the  signal  range  for  which 
all  performance  parameters  apply 

Signal  data  rate  range 

-  data  rate  range  of  input  signals  for  which 
all  performance  parameters  apply 

hdge  jitter 

maximum  average  jitter  to  be  expected  over 
signal  range 

A  propagation  delay 

maximum  expected  difference  between 
low-to-high  and  high-to-low  transitions 
over  the  signal  range 

Input  compatibility 

fiber  optic  connector  and  cable  types 
required 

Output  compatibility 

description  of  electrical  interface  (including 
connectors),  impedance  or  similar  charac¬ 
teristic,  and  levels 

Special  requirements 

-  peculiar  signal  characteristics  required  for 
proper  operation 
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I  -  ri’ Cl- Ivor  ji.iumt'lcrs; 

..luomoiits  pkiccd  ;i  severe  limita- 


Some  adeiiipl  wj-.  nuule  lo  deteii'i 
li(i\\e\er  the  eoniplexilN  ;.iul  •\tei)l  ni  i!:.- 
twill  nn  what  einild  aetualK  lie  aee.ini|.;ish  : 

I  he  perloi  Mianee  of  tlie  leeeivei  iiipm  ..  .ve  was  asceit allied  hy  measurement 
mdepeiulent  of  the  remaiiiitie  stages.  Nl-.P  lor  Ilie  operating  handwiilth  was  ealculated 
to  lie  between  O.d  and  1. 8  nW.  Measured  values  ranged  from  l..^  to  1. 7  nW. 

Receiver  overloail  oeeui's  first  in  the  filter  amplifier  at  about  24  giW  (-16.2  dBm). 

llie  receiver  outputs  must  be  enabled  to  have  data  available.  Measured  input  powers 
required  for  this  ranged  f  rom  40  to  1 70  nW.  I'liese  levels  represent  signal  levels  on  the 
order  of  20  mV  at  tlie  comparator  minit,  which  is  commensurate  with  the  input  offsets. 

This  data  bus  requires  that  tlie  receiver  be  enabled  for  an  input  signal  level  of  2.S  nW  to 
eliminate  the  need  to  select  receivers  and  transmitters  for  particular  coupler  paths. 

Recovery  of  (|uiescent  conditions  following  an  input  varies,  depending  upon  the 
strength  of  that  input  from  about  1  /as  fora  .'iS-nW  input  to  2.S  /as  for  a  20-)iW  input. 
Although  Ml  l.-STl)-l  .s5.^  H  requires  that  recovery  take  place  in  4 /as  or  less,  the  demonstra¬ 
tion  bus  employs  a  motlified  protocol  which  requires  that  this  time  be  25  /as  or  less. 

Pulse-width  variations  were  found  to  not  exceed  60  ns  from  60  nW  to  15  /aW.  When 
overload  occuis  pulse-width  distortion  becomes  gross,  being  many  times  a  bit  width. 


F.  BUS  INTERFACE  UNIT 


1.  General 

Tlie  Bus  Interface  Unit  (BIU)  provides  the  hardware  ;md  software  needed  to  interface 
between  the  terminal  equipment  (CRT.  Teletype,  etc.)  and  the  data  bus.  The  BIU  provides 
the  necessary  timing,  tbrmatting.  and  encoding  needed  for  the  orderly  transfer  of  data  on 
the  bus  as  reciuired  by  the  bus  protocol.  Ilie  protocol  used  is  a  modified  comniand/response 
version  of  MIL-STD-1553B.  The  protocol  is  discussed  more  thorouglily  in  Section  V.F.2. 
Initially  the  system  was  configured  with  a  central  controller  controlling  all  activity  on  the 
bus.  The  controller  would  identify  the  tenninals  that  were  to  communicate,  and  the 
terminals  would  respond  if  they  had  data  to  send.  Another  version  of  the  protocol  that 
was  used  involved  the  elimination  of  the  central  controller.  The  single  central  bus  controller 
configuration  has  a  serious  survivability  problem.  Failure  of  the  bus  controller  would  result 
in  failure  of  all  terminals  to  eommunicate.  To  prevent  this  type  of  catastrophic  failure,  a 
modified  conliguration  was  designed  which  distributed  the  bus  controller  function  among 
all  the  terminals  on  the  bus  and  eliminated  the  central  bus  controller.  This  modification 
was  accomplished  entirely  in  BIU  software.  The  distributed  bus  controller  program  is  con¬ 
tained  wholly  in  one  pair  of  erasable  PROMs.  In  this  version  each  terminal  was  capable  of 
being  a  controller.  Once  a  temiinal  acquired  the  bus  it  would  transmit  its  data,  then  request 
another  terminal  to  take  control  of  the  bus.  It  would  release  control  of  the  bus  when  another 
terminal  accepted  the  rec|uest.  Descriptions  of  the  central  and  the  distributed  controller 
software  are  in  Section  V.F.5. 
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2.  Protocol 


a.  Central  Controller.  The  controller  orchestrates  bus  activity.  It  determines  which 
terminal  can  transmit  on  the  bus  and  when.  Each  tenninal  is  identified  by  one  or  two 
addresses,  a  transmitter  address  and/or  a  receiver  address  The  addresses  were  assigned  so 
that  receiver  addresses  are  even  and  transmitter  addresses  are  odd.  A  transmitter  sends 
data  to  an  address  that  is  one  higher  than  its  own.  Tlie  controller  increments  through 
the  addresses,  offering  the  bus  to  each  transmitter  terminal  in  turn.  A  receiver  command 
word  is  transmitted,  followed  by  a  transmitter  command  word.  If  the  terminal  addressed 
to  transmit  has  data,  it  will  transmit  a  receive  command  word  followed  by  the  data  words. 

A  terminal  that  has  transmitted  data  requires  a  status  word  from  the  receiving  tenninal 
acknowledging  that  the  data  haw  been  received  correctly.  If  such  a  status  word  is  not 
received,  the  terminal  will  retransmit  the  data  the  next  time  it  gains  access  to  the  bus. 

If  the  tenninal  addressed  by  the  controller  to  transmit  does  not  respond  within  30  jUS  or 
there  are  no  signals  on  the  bus  for  more  than  30  /iS,  the  controller  continues  to  offer  the 
bus  to  the  next  addre.ss. 


b.  Distributed  Controller.  In  the  distributed  controller  protocol,  the  bus  controller 
function  is  passed  from  tenninal  to  terminal.  The  bus  controller  offers  control  to  the  other 
terminals  by  issuing  transmit  commands  to  each  in  turn.  The  controller  allows  25  for  a 
response,  after  which  it  proceeds  to  the  next  address  in  numerical  order.  Transfers  of  control 
are  normally  accomplis  icd  by  responding  to  a  transmit  command  from  the  controller.  If 
the  terminal  addressed  has  data  to  transmit,  it  assumes  control  of  the  bus.  The  controller 
transfers  data  by  issuing  a  receive  command  followed  by  the  data.  Tlie  controller  allows 
about  20  /js  to  receive  a  status  word  from  the  receiving  terminal,  acknowledging  receipt  of 
the  data  before  proceeding.  If  the  status  word  is  not  received,  the  data  are  retained  and 
another  transfer  attempt  is  made  when  the  terminal  is  again  addressed  in  a  transmit  com¬ 
mand.  If  the  data  are  successfully  transferred  on  the  first  attempt  after  control  is  assumed, 
the  address  register  for  the  transmit  command  is  set  to  zero.  It  is  not  set  for  any  other 
condition.  This  process  is  continued  by  the  controlling  tenninal  until  it  relinquishes 
control.  A  second  way  for  a  terminal  to  gain  control  occurs  when  there  is  no  activity  on 
the  bus.  Each  tenninal  senses  the  lack  of  activity  and  will  assume  control  of  the  bus  if 
this  condition  persists  for  a  length  of  time  proportional  to  its  addre.ss.  This  proportioning 
avoids  conflict  among  the  terminals.  The  controlling  terminal  drops  control  of  the  bus  if 
another  terminal  accepts  control  or  if  its  input  requires  service. 

3.  Word  Formats 

A  modified  version  of  MIL-STD-1 553B  is  used.  Figure  10  shows  the  format  for  the 
words  that  are  transmitted  over  the  system.  The  first  three  bit  times  comprise  the  sync. 

The  sync  is  an  illegal  Manchester  code  that  can  be  identified  by  the  decoder  as  the  start  of 
a  word.  The  phase  of  the  sync  identifies  the  word  as  a  command/status  word  or  a  data 
word.  Figure  10  shows  the  sync  phase  for  these  words.  The  16  bit  times  following  the 
sync  can  contain  addresses,  data  and/or  status  information. 
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BIT  TIMES 
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T/R 
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P 
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16 

1 

1  SYNC 

DATA 

P 

STATUS  WORD 


5 

1 

9 

1 

SY^ 

1C 

TERMINAL  ADDRESS 

ME 

STATUS  CODES 

T/F 

Figure  10.  Word  Formais. 


A  command  wrrrd  contains  tlic  address  of  the  terminal  that  is  to  receive  tlie  word 
in  tire  next  five  bit  times  (4-8).  Bit  time  9  indicates  wlietlier  this  word  is  a  transmitter 
reejnest  (higli)  ora  receive  request  (low).  Bit  times  10  through  19  are  not  used  in  either 
the  command  word  or  tlie  status  word  for  the  central  controller  program.  The  distributed 
controller  program  uses  bit  times  10  through  14  of  the  command  word  for  the  address  of 
tlie  controlling  terminal  and  bit  times  15  through  19  to  indicate  the  number  of  data  words 
to  be  transmitteu  .  data  word  uses  bit  times  4  through  19  for  data.  Die  last  bit,  20, 

IS  the  parity  bit  for  all  word  types.  The  least  significant  bit  of  data  and  addresses  contained 
in  these  words  is  transmitted  first. 


4.  Hardware  Description 


a.  General.  Die  hardware  for  the  BID  consists  of  an  Intel  C'orp.  SDK-86  microcom¬ 
puter  board  with  circuits  added  to  provide  a  serial  interface  to  the  fiber  optic  tran.smitter/ 
receiver  unit. 
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Tlie  SDK- 86  was  chosen  for  a  number  of  reasons.  The  SDK-86  provides  a  16-bit 
microprocessor,  2k  bytes  of  RAM,  8k  bytes  of  PROM,  a  serial  input/output  (I/O),  48  lines 
of  parallel  I/O,  and  a  breadboarding  area.  The  8086  microprocessor  used  on  the  board  is 
capable  of  operating  with  a  5-Mhz  clock.  The  high  clock  rate  of  this  microprocessor  and 
its  ability  to  handle  16-bil-wide  data  were  attractive  in  this  application.  Tlie  availability 
of  the  SDK-86  and  an  Intel  microprocessor  development  system  to  aid  in  programming  and 
debugging  the  8086  microprocessor  provided  additional  incentive  for  using  the  SDK-86. 
While  the  SDK-86  is  not  the  optimum  system  to  provide  the  BIU  function,  its  use  saved 
time  ti'.at  would  have  been  required  for  hardware  and  software  design  and  debugging- 

Block  diagrams  of  the  interface  circuits  between  the  SDK-86  board  and  the  fiber 
optic  transmitter/receiver  unit  are  shown  in  figures  1 1  and  1 2.  Figure  1 1  shows  the  section 
dealing  with  transmission  of  data  and  figure  12  shows  the  receiving  section.  Schematics  of 
the  circuits  are  in  Appendix  B. 

A  Harris  Corporation  HD-15530  Manchester  encoder-decoder  integrated  circuit 
is  shared  by  both  the  transmit  and  receive  sections.  The  data  sheet  for  this  device  is 
included  in  Appendix  B. 


b.  Transmit  Section  (See  figure  1 1 ).  This  portion  of  the  interface  converts  the 
parallel  data  from  the  microcomputer  to  serial  data,  determines  a  parity  bit  for  the  data, 
encodes  the  data,  and  provides  a  proper  sync  signal.  The  microcomputer  provides  the 
data  to  be  transmitt. ;d  in  16-bit-wide  blocks.  These  data  are  loaded  into  the  parallel-to- 
serial  (P/S)  converter  for  transfer  to  the  Manchester  encoder.  The  Manchester  encoder 
formats  the  data  for  transmission  on  the  bus  by  adding  the  proper  sync  signal  identifying 
it  as  a  command  or  data  word  and  calculating  and  adding  a  parity  bit  as  well  as  Man- 
chester-encoding  the  data.  Data  transfer  into  the  P/S  converter  occurs  when  the  TRNS 
ENABLE  line  is  set  high  by  the  microcomputer.  Tiic  encoder  provides  a  gated  clock 
signal  to  the  P/S  converter  to  shift  the  data  out  of  the  converter  and  into  the  encoder. 

Tlie  SYNC  SELECT  line  is  set  high  for  a  command  word  and  low  for  a  data  word.  Switch- 
selectable  terminal  address  data  are  provided  to  the  microcomputer  via  an  8-bit  input 
port. 


c.  Receive  Section  (See  figure  12).  The  receive  section  of  the  interface  decodes 
the  Manchester-encoded  signal,  checks  for  errors,  and  converts  the  serial  data  to  parallel 
data.  Tbe  Manchester  decoder  decodes  the  incoming  signal,  checks  for  code  and  parity 
errois,  and  examines  the  sync  signal  to  determine  whether  it  is  a  data  word  or  a  command 
word.  The  CMD/DATA  and  TAKE  DATA  lines  are  both  set  as  the  data  are  being  decoded. 
The  TAKE  DATA  line  is  set  high.  The  CMD/D.ATA  is  set  high  for  a  command  word  and 
low  for  a  data  word.  A  clock  signal  from  the  decoder  gated  by  the  TAKE  DATA  signal 
clocks  the  decoded  data  into  the  serial-to-parallel  (S/P)  converter.  If  no  errors  are  de¬ 
tected  in  the  word,  the  VALID  WORD  line  goes  high,  latching  the  data  into  the  parallel 
outputs  of  the  converter.  71ie  VALID  WORD,  TAKE  DATA,  and  CMD/DATA  lines 
are  connected  to  the  microcomputer’s  input  ports  to  indicate  that  valid  input  data  are 
present. 
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Figure  1 2.  BID  receive  block  diagram. 
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5.  Programming 


a.  General.  Programming  determines  the  function  perfomied  by  a  BIU.  A  BIU 
may  be  programmed  as  a  controller  or  as  an  interface  between  the  terminal  equipment  and 
the  bus.  Control  can  be  centralized  or  it  can  be  distributed.  These  programming  instruc¬ 
tions  are  contained  in  erasable  programmable  read-only  memories  (EPROMs)  on  the 
SDK-86  board. 

Programs  for  the  8086  microprocessor  were  developed  using  an  Intel  MDS-800 
Microcomputer  Development  System  (MDS).  Tlie  development  system  facilitates  pro¬ 
gram  development  by  simulating  the  operation  of  the  8086  and  providing  an  interface  to 
the  human  programmer.  The  keyboard  allows  the  programmer  to  enter  and  alter  the 
program  via  structured  English-language  and  numerical  commands.  A  video  display  pre¬ 
sents  the  simulated  8086  performance  in  these  same  terms.  This  process  is  the  opposite 
of  working  with  the  actual  unit,  where  changes  would  be  made  in  hardware  and  per¬ 
formance  assessment  would  require  specialized  equipment  and  tedious  wavefomi 
interpretation. 

To  aid  in  program  development,  the  development  system  allows  a  program  to  be 
broken  into  blocks  which  can  he  worked  on  independently.  These  blocks  are  referred 
to  as  modules.  Modules  used  in  the  BIUs  are  discussed  below. 


b.  Terminals.  Tlie  terminal  BIUs  are  capable  of  receiving  and  transmitting  up  to 
^2  words  of  data  per  transmission.  The  software  for  this  task  consists  of  three  program 
modules.  The  main  program  module  (RTI )  controls  the  interface  with  the  Harris 
encoder-decoder.  It  determines  when  data  on  the  bus  are  meant  for  the  temiinal  and 
when  it  is  time  to  transmit  on  the  bus.  The  INSUBI  program  module  provides  the 
instructions  to  input  and  store  the  data  from  the  terminal.  It  also  provides  a  very 
limited  test  editing  capability  so  that  typing  errors  may  be  corrected  before  the  informa¬ 
tion  is  sent.  Tlie  OUTl  p.ogram  module  contains  the  instructions  to  output  the  data  to 
the  tcnninal.  INSUBI  and  OUl  1  can  be  changed  for  different  types  of  terminals  with¬ 
out  having  to  change  the  mam  program.  Flow  charts  for  these  programs  are  shown  in 
figures  l.T  14  and  15.  Program  listings  are  included  in  Appendix  C. 


c.  Central  Controller.  The  central  controller  program.  CONTR.  is  contained  in 
one  module.  The  How  chart  is  shown  m  figure  16.  .An  assembly  language  listing  of  the 
controller  software  can  be  found  in  Appendix  C. 


d.  Distributed  Controller.  The  distributed  bus  controller  program  is  contained  in 
three  modules.  The  DBC2  module  controls  the  BIU’s  interface  to  the  data  bus.  The  other 
two  programs  INSUB2  and  OUT2  control  the  handling  of  data  from  the  terminal. 
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f-jgurc  13.  Flow  chart  for  RTI  program  module. 
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INITIALIZATION 


Figure  16.  Syslem  bus  conirollcr  program  How  chart. 
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Dk'  INSUB2  pnmniiii  moiluk'  is  the  same  as  (lie  INSUB  I  (inigram  liescribed  above 
in  item  li,  except  lor  some  additional  instructions  to  select  the  terminal  to  receive  the 
rlata.  When  a  control  I  is  entered  on  the  keyhoaril.  a  messaec  is  printed  requesting  the 
address  of  the  receiving  terminal.  I'he  address  is  checked  rorerrop>  atui  stored  for  use  by 
the  main  program  motlules,  All  messages  are  sent  to  (he  indicated  terminal  until  ar  her 
control  T  is  typeil  to  change  the  stored  adilress. 

rile  ()U1  2  program  module  is  similar  to  the  OU'I  1  module  describeil  in  item  b, 
except  that  a  statement  is  [irinteil  preceding  the  received  message  that  indicates  which 
terminal  is  transmitting  the  data. 

l  igure  1  7  shows  the  How  chart  lor  the  l)BC'2  program.  Listings  lor  I)B('2.  1NSUB2. 
and  ()UT2  are  m  .Appendix  (  . 


b.  Discussion 

dhe  Bills  were  built  lo  test  the  liber  optic  data  bus  under  (.iynamie  bus  conditions. 
The  current  system  was  ilesigneil  to  control  serial  ilata  traiisl'ers  at  a  l-Mbps  rate.  This 
system  has  worked  (piite  well  at  this  tlala  rate,  but  it  eaiinol  be  made  to  work  at  the 
lO-Mbps  rate.  I  he  Harris  lll)-l  5.S.10  integrated  circuit,  which  perlbrnis  most  ol  the  inter- 
I'aemg  runctions.  will  not  operate  at  more  than  4  Mb|is.  ILC  Data  Device  Corporation  has 
recently  aniuuincevi  that  early  m  l‘>SI.  it  will  make  available  devices  to  perl'onn  these 
interlacing  lunctions  at  lO  Mbps.  Since  the  SI)K-X6  cannot  execute  instructions  in  the 
short  times  necessary  to  satisfy  the  re(|uirements  of  a  lO-Mbps  data  bus.  a  d'alicai ’d  micro¬ 
computer  boarti  will  have  to  be  designed  using  either  a  bipolar  or  an  LCL  mierojvr.  eessor. 

A  new  microeomputer  will  recpiire  the  development  of  new  software.  A  new  micro¬ 
processor  ilevelopment  system  may  be  needed  to  facilitate  the  new  design.  Tlie  micro¬ 
processor  reciuirement  may  be  met  by  American  Micro  Devices  (AMD)  AM291  lb.  a  lb-bit 
bipolar  ilevice  expected  to  be  available  in  early  I9SI.  Software  for  programming  the 
,\M2dl  lb  compatible  with  our  present  development  system  has  been  promised  by  the 
manufacturer.  Other  options  inclmle  the  2b()()  series  bit-slice  microprocessor  and  a 
discrete  interlace  design.  'Lhese  opiums  would  leriuire  more  development  time. 


VI  LINK  LI  VLLTI  STS 


A.  LINK  DLSCRIPTION  AND  POWER  BUDGET 

A  link,  m  the  sense  used  here,  includes  a  fiberoptic  transmitter,  an  associated 
receiver,  and  any  thing  serving  to  carry  a  signal  between  these  two  points.  This  inter¬ 
vening  medium  is  geneially  lossy  and  includes  connector  losses,  cable  loss,  and  both  the 
power  division  and  excess  losses  of  a  coupler.  Tliis  is  a  model  for  all  possible  point-to- 
point  connections  that  might  be  made  througli  the  data  bus.  Tlie  factors  detennining 
link  effectiveness  ineluile  the  output  power  from  the  transmitter,  total  loss  between 
transmitter  and  receiver,  and  receiver  sensitivity.  The  distribution  of  these  gams  and 
losses  constitutes  a  power  budget.  A  graph  of  possible  signal  power  levels  appears  in 
ligure  18.  The  primary  link  loss  in  the  data  bus  occurs  in  the  star  coupler.  Tlie  port- 
to-port  loss  for  a  star  coupler  should,  in  the  ideal  sense,  be  independent  of  the  ports 


Figure  17.  Flow  chart  for  DBC2  program  module. 
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Figure  18.  Power  budget  graph. 


chosen;  however,  evaluation  of  lliree  actual  couplers  has  indicated  differences  of  1  1  to  lb  dB. 
A  secondare  contributor  to  link  loss  variations  are  tiie  connectors.  Tlie  total  effect  ot'all 
connectors  in  a  link  is  no  greater  than  2  dB  for  each  properly  assembled  temiination.  An 
objective  in  assessing  a  power  budget  is  to  proviile  a  signal  at  the  receiver  of  adequate  strength 
to  assure  a  minimum  signal  quality.  The  operating  signal  range  for  the  bus  extends  from 
approximately  -41  dBm  to  -lo  dBm.  The  outputs  from  the  various  bus  transmitters  range 
from  -14.6  to  -8.2  dBm.  Star  coupler  losses  for  the  Olektron  coupler  and  associated 
connectors  ranged  from  14.4  to  25  tIB.  In  the  actual  ilala  bus  there  is  an  additional  4  dB 
of  connector  loss  which  must  be  added  to  the  coupler  loss  when  considering  total  link  loss. 


B.  I)ESCRIPTIO^  OF  TESTS 

Tlie  performance  of  a  simple  liber  optic  bus  link  from  transmitter  input  through  the 
star  coupler  to  the  receiver  output  can  be  evaluated  in  tenns  of  error  rate  as  measured  by 
a  Bit  I'.rror  Rate  Tester  (B1  KT).  This  permits  a  relatively  simple  test  procedure  to  be  used 
aiul  yields  a  single  number  for  com(>arison  purposes. 

Tlie  charaeteri/ation  of  link  performanee  based  on  error  rate  should  reliect  the 
operating  conditions  which  yielded  the  associated  lest  a-sults.  An  actual  description  of 
all  the  pertinent  conditions  would  be  extensive  since  it  requires  elaborating  on  the  general 
specifications  of  the  system  under  test.  Most  of  these  details  aa'  fixed,  however,  and  since 
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they  impart  little  pertinent  infbnnation,  are  generally  not  stated.  The  salient  charaeteristies 
are  the  variables,  and  ol  those  the  most  relevant  is  power,  or  the  change  in  power.  fVr- 
I'ormanee  eharaeteri/ation,  therefore,  is  usefully  expressed  by  relating  error  rate  to  signal 
power.  Tliis  required  that  a  reliable  procedure  be  developed  for  measuring  power  and  that 
the  assumed  fixed  parameters  do  not  change. 

Problems  encountered  in  the  process  of  developing  this  test  prompted  changes  in 
procedures  and/or  receiver  design.  Variations  in  receiver  perfonnance.  largely  a  conse- 
r|uence  of  the  use  of  direct  coupling,  caused  considerable  uncertainty  in  what  was  to  be  a 
fixed  parameter.  Tliese  variations  were  due  to  such  things  as  photodiode  leakage,  power 
supply  rejection,  component  matching  and  selection,  drift,  offsets,  and  zeroing.  These 
problems  have  been  satisfactorily  resolved  for  a  laboratory  environment.  The  measurement 
and  variation  of  crptical  signal  power  was  another  matter.  Although  the  power  available 
from  the  cable  to  the  receiver  could  be  measured  when  the  transmitter  output  was  "high." 
the  exact  amount  reaching  the  pluitodiode  under  signal  conditions  could  not  be  ascertained. 
This  was  found  to  he  due  primarily  to  the  alignmeni  of  the  liber  pigtail  in  its  connector, 
which  produced  mating  vanations.  Alignment  of  the  fiber  with  respect  to  the  photodiode 
affected  unit-to-unit  variations.  The  power  level  could  not  be  significantly  adjusted, 
readily  or  reliably.  Therefore,  only  a  gross  assessment  of  power  could  be  accomplished, 
which  was  inadequate  for  characterizing  performance. 

The  receiver  auto-zero  circuit  requires  that  the  input  signal  be  a  “low"  periodically 
and  long  enough  to  allow  this  circuit  to  compensate  for  offset  and  drift  at  the  limiter 
output.  The  timing  requirements  ilepeiid  upon  signal  strengths  and  time  since  the  last 
zeroing.  An  example  is  25  /as  of  “dead"  time  every  0.65  ms  for  a  lO-f/W  signal. 

Data  transmitted  over  the  bus  are  Manchester  encoded  and  sent  in  "hursts."  l  ach 
burst  consists  of  from  I  to  32  “words"  of  20  infonnation  bits  per  word.  The  BhRT  does 
not  provide  output  data  in  this  way.  A  test  adapter  was  constructed  based  on  the  Harris 
Corp.  HD-1  5530  Manchester  lincoder-Decoder  integrated  circuit.  This  adapter,  acting  as 
an  interface  between  the  BHRT  and  the  fiberoptic  link,  provides  the  neces.sary  functions 
so  that  data  can  be  transmitted  in  a  burst  format.  The  adapter  has  been  used  with  a 
Hewlett-Packard  model  3780A  BF:RT  and  a  Tau-Tron  PTS-107  BKRT.  A  problem  with 
maintaining  word  synchronization  has  been  observed  with  both  instruments.  Synchroniza¬ 
tion  appears  to  be  lost  under  conditions  where  it  would  be  sustained  if  data  transmission 
were  ctmtinuous.  Hrror  rates  of  from  0.1  to  3.6  x  lO"*^  were  indicated  when  the  HP3780A 
BF  RT  was  used.  Power  levels  for  these  measurements  are  estimated  to  have  been  100  nW. 


C.  SUMMARY 

The  attempt  at  evaluating  link  perfonnance  emphasized  that  the  .simple  model  was 
not  valid  for  a  receiver  operating  over  a  wide  range  of  conditions  when  the  effects  of  certain 
combinations  of  signal  parameters  degraded  perfonnance  more  than  others.  These 
performance  limitations,  revealed  during  testing,  had  to  be  remedied  before  proceeding. 

It  was  found  that  evaluation  of  the  receivers  a’quires  accurate  simulation  of  data  bus  signals, 
that  simplified  test  signals  are  not  adequate  to  reveal  many  perfonnance  peculiarities.  The 
test  signal  now  used  for  preliminary  evaluations  is  a  gated  square  wave,  and  link  analysis 
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is  done  witli  psoucioraiulom  clatu  rorinatted  and  cncodctl  with  a  Harris  Hl>15530.  Tliesc 
signals  do  not  provide  for  elianging  signal  levels  ofsiiecessive  bursts.  This  would  be  the 
next  level  of  refinement. 

A  variable  optical  signal  attenuator  would  signil'ieantly  facilitate  the  acciuisition  ol 
useful  performance  data.  Once  the  attenuator  is  installed  in  the  signal  path,  none  of  the 
optical  connectors  neeil  be  disturbetl  to  lake  measurements  at  a  variety  of  power  levels. 

A  curve  of  Bl  R  versus  attenuation  can  then  be  constructed  with  the  accumulated  data, 
and  it  is  a  relatively  simple  matter  to  establish  a  reference  for  an  adequate  assessment  of 
absolute  signal  power.  Such  an  attenuator  was  not  available  but  is  on  order. 

The  transmitter  ilesign  gave  no  problems,  but  the  choice  to  utili/.e  direct  coupling 
in  the  receiver  resulted  in  a  signillcant  number.  Oood  perfonnance  in  overload  was  sub¬ 
stantiated,  but  associaterl  dc  instabilities  were  ilifficult  to  remedy.  An  alternative  approach 
to  the  receiver  ilesign.  such  as  the  one  shown  in  figure  l‘),  should  be  investigated.  This 
approach  was  explored  in  a  preliminary  fashion  using  some  circuits  from  the  data  bus 
receiver.  The  resulting  receiver  is  signillcanlly  simpler. 

I'igure  I is  an  example  of  a  wavefomi-dependent  approach  to  the  design  of  the 
data  bits  receiver.  It  is  a  reali/ation  of  an  approach  suggested  m  “Fiber  Optic  Stores 
Interface  System  Design  AnaKsis  Report,"  November  1979  Vought  (’orporation.  Contract 
N6600 1 -^b-( -O.TO  ,  by  P.M,  (  unningham,  K.L.  Ilarifield,  and  M.R.  Posey.  Such  an 
approach  exp.lolit.  particular  characteristics  of  the  signal  waveform  unique  to  the  applica¬ 
tion.  In  this  case  the  Manchester-encoded  NRZ  waveform  of  the  MIL-STD-1  .S53  burst 
transmissions  found  in  the  demonstration  bus  described  in  this  report  is  used.  The  circuit 
following  the  input  modifies  the  waveform  to  one  having  no  dc  component  and  equal 
positive  and  negative  excursions.  Tliis  signal  can  be  capacitively  coupled  without  significant 
distortion  occurring.  Limiting  amplillers  can  be  employed  to  delay  overload.  The  resulting 
signal  will  have  certain  waveform  peculiarities  which  can  be  eliminated  by  the  output 
circuits  show  11. 


VII.  SY.STEM-LEVEL  TEST 


A.  GENERAL 

Tlie  evaluation  of  system  performance  is  a  complex  matter  involving  the  capacity 
of  the  system  to  handle  information,  the  delay  factors  associated  with  the  data  communi¬ 
cation  process,  the  aecuracy  or  freedom  from  errors,  and  the  availability  of  the  system  to 
perform  its  intended  function.  The  demonstration  system  is  a  model  with  five  tenninals, 
including  the  controller.  The  dynamic  operation  of  the  bus  involves  the  interplay  between 
the  controller  and  the  terminals  and  among  the  tenninals  themselves.  The  resinmse  of  the 
fiber  optic  units  to  varying  signal  patterns  and  strengths,  of  the  BIUs  to  input  data  rates 
and  patterns,  and  the  overall  system  to  errors  in  a  component  part  are  all  factors  in  the 
intricate  relationship  represented  by  the  bus. 
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ivefonm-dependen'.  approach  lo  delaying  receiver  overload. 


Tlierc  are  many  variables,  thea-fore,  affectiiig  bus  operation.  An  evaluation  based 
on  the  detennination  of  all  the  pertinent  variables  and  assessing  the  relative  importance  of 
each  would  ccnnpletely  charaeteri/e  bus  operation  hut  would  also  be  an  unacceptably  lengthy 
and  tietailed  process.  A  simpler  atid  moie  rapid  procedure  for  evaluating  performance  was 
required  to  facilitate  comparing  the  relative  perfonnance  of  various  bus  cont'igurations. 
components,  procedures,  etc.  Tlie  method  chosen,  however,  had  to  be  capable  of  producing 
repeatable  results.  The  Bl-RT  is  a  test  instrument  which  can  be  used  to  rapidly  measure  the 
quality  of  a  tiigital  link.  The  Bl  RT  provides  pseudorandom  data  to  tlv  link  being  tested, 
and  the  output  from  the  link  is  applied  to  the  same  or  another,  identical,  instrument.  Input 
and  output  patterns  are  cannpared  and  differences  (errors)  detected.  The  error  rate,  the 
ratio  of  the  number  of  errors  to  the  total  number  of  data  bits  transferred,  is  calculated  and 
displayed.  This  instrument  was  chosen  as  the  means  for  evaluating  the  data  bus.  Tlie  test 
results  must  not  be  interiireted  on  an  absolute  basis,  because  a  direct  comparison  with  .my 
other  system  would  not  be  valiil.  Operational  differences  between  systems,  especially, 
contribute  to  the  lack  of  validilc  .  I  he  definition  of  an  error,  fore.sample,  can  vary  from 
one  system  to  another. 


B.  TEST  DESCRIPTION 

The  interconnection  of  the  system  components  for  the  system-level  test  is  shown  in 
figure  20.  The  single-fiber  bus  s\stem  was  evaluated  using  a  Hewlett-Packard  model 
.^780A  BI  RT.  Tlie  .^780A  was  not  designed  specifically  fora  hurst  measurement  capa¬ 
bility.  but  this  function  can  be  reali/eil  by  controlling  clock  signals  provided  to  the  instru¬ 
ment.  The  bus  terminals  were  interconnected  via  a  wire  bus  in  the  process  of  working 
out  the  problems  associated  with  interfacing  the  BliRT  to  the  bus.  When  satisfactory 
operation  was  obtained,  the  indicated  error  rate  was  2  x  10’^.  The  wire  bus  was  then 
replaced  by  the  fiber  ojitic  bus.  The  teletype  and  video  terminals  were  set  up  to  transmit 
whenever  the  bus  was  offered  to  them  to  better  simulate  an  operational  bus. 

Continuous  error  rate  testing  was  carried  out  in  th  iratory  for  about  I  month. 
Data  were  transmitted  in  burst  fashion  in  blocks  of  512  bits.  Approximately  20  hours 
were  reciuired  to  accumulate  l()l*^bits. 


C.  TEST  RESULTS 

Hie  system  often  operated  for  hours  without  a  single  error.  Occasionally  loss  of 
synchroni/ation  was  observed.  The  following  ten  adings  were  typical  of  the  measured 


error  rates  for 

a  test  length  of  lO'O  bit: 

1. 

0.0  X  1 0"'^ 

s 

0.1  X  10'‘^ 

5. 

0.()  X  1 0'‘^ 

4. 

2.3  X  10'^^ 

5. 

2.4  X  10'‘^ 

6. 

3.9  X  10'*^ 
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7. 


4.1  X  lO'*^ 

8.  6.8x10'^^ 

9.0  X  10'^^ 

10.  1.3x10'^ 

Tlicso  rcatlitigs  tlo  not  intliLatu  when  the  errors  oeeurred.  A  number  of  tests  ol 
10  minutes  duration  were  run.  These  tests  showed  the  errors  to  oeeur  in  bursts.  The  data 
indieate  that  the  majority  of  errors  oeeurred  durini>  the  daytime.  The  system  was  virtually 
error-free  at  night.  These  results  intlieate  that  errors  may  have  been  eaused  by  power  line 
transients.  Only  minimal  preeautions  were  taken  to  protest  against  interferenee  from  this 
sou  re e. 


The  tests  demonstrated  the  abilits  of  the  data  bus  system  to  aeeommodate 
terminals  at  low,  medium,  and  high  data  rates.  The  teletypewriter  operates  at  110  bjis. 
the  data  terminal  at  4800  bps.  and  the  BliRT  at  the  maximum  bus  rate  of  1  Mbps. 


VUI.  SUMMARY  AND  CONCLUSIONS 

An  FY78  system  analysis  and  leasibility  study  identilled  a  baseline  fiber  optie 
data  bus  design  for  a  taetieal  Marine  Corps  Command-Control  system  applieation.  During 
l'Y79  fiber  optie  data  bus  components  necessary  to  implement  this  baseline  system  were 
identilled.  secured,  and  evaluated.  These  components  included  fiberoptic  transmitters, 
fiber  optie  receivers,  star  couplers,  fiber  optie  connectors,  fiber  cable,  and  a  microprocessor 
to  perform  the  bus-interface-unit  function.  Problems  associated  with  the  use  of  each 
component  were  identified. 

During  1-  Y80  a  five-terminal  data  bus  operating  at  a  clock  rate  of  1  Mbps  was 
built,  tested,  and  evaluated  using  state-of-the-art  fiber  optic  components.  The  laboratory 
data  bus  uti)i/ed  a  pa.ssive  lb-  x  lb-port  transmissive  star  coupler  to  interconnect  typical 
equipment  used  in  .i  tactical  Mamie  Corps  shelter  system.  Data  bus  operation  was  demon¬ 
strated  with  both  a  central  and  a  distributed  bus  controller.  Testing  of  terminal-to-terminal 
data  transfer  over  the  operational  data  bus  showed  bit  error  rates  between  1  error  in  10^ 
and  0  errors  in  10^^  bits. 


IX.  RECOMMENDATIONS 

The  primary  goal  of  this  multi-year  effort  has  been  to  identify  problems  and  reduce 
the  risk  associated  with  the  development  of  a  tactical  Marine  Corps  Command-Control  data 
bus  for  the  post  1980  era.  It  is  recommended  that  the  fiber  optic  component  requirements 
be  transitioned  into  the  Manufacturing  Technology  Program,  where  fully  compliant  MIL-SPEC 
components  will  be  developed.  The  Manufacturing  Technology  Program  is  inte.ided  to 
bridge  the  gap  between  R&D  and  production  and  ultimately  reduce  acquisition  costs  of 
defense  procurements. 
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It  is  further  recommended  that  additional  efforts  be  initiated  in  the  following 
related  areas: 

•  Develop  a  20-Mbps  fiber  optic  data  bus  receiver. 

•  Develop  an  active  repeater  for  use  in  cascading  transmissive  star  couplers  as 
a  means  of  interconnecting  buses  in  multiple-shelter  applications. 

•  Develop  a  high-speed  bus  interface  unit  to  accommodate  a  20-Mbps  trans¬ 
mission  data  rate. 

•  Investigate  and  implement  alternate  fail-safe  data  bus  distributed  control 
protocols. 

•  Develop  and  demonstrate  a  digital  voice  tenninal  interface  to  the  fiber  optic 
data  bus. 

•  Develop  a  fail-safe  active  fiber  optic  T-coupler  to  permit  utilization  of  multi¬ 
drop  architectures  beyond  limitations  imposed  by  present  T-coupler 
technology. 

The  fiber  optic  data  bus  test  bed  established  in  FY79  and  FY80  allows  many  of 
the  follow-on  efforts  listed  above  to  be  accomplished  with  minimum  additional  costs. 


APPENDIX  A 

STAR  COUPLER  INSERTION  LOSS  TEST  DATA 


49 


50 


APPENDIX  B 


BIU  INPUT/OUTPUT  SCHEMATICS 
HD-15530  ENCODER/DECODER 
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PACX  BLMX~NOr  FlLhiJ) 


J5  IP2) 


Figure  B-1.  Schemalie  of  Bill  data  iiipul  circuit. 


5' 


J5  (P2) 


Figure  B-2.  Schematie  ol  BID  data  output  circuit. 


55 


SEMICONDUCTOR 
PRODUCTS  DIVISION 


/iSION  U*  M* 


(  URPORAtiON 


HD-15530 

CMOS  Manchester  Encoder-Decoder 


APRIL  1978 

Features 


•  SUPPORT  OF  MIL-STD-1553 

•  1.25  MEGABIT/SEC  OATA  RATE 

•  SYNC  IDENTIFICATION  AND  LOCK-IN 

•  CLOCK  RECOVERY 

•  MANCHESTER  II  ENCODE,  DECODE 

•  SEPARATE  ENCODE  AND  DECODE 

•  LOW  OPERATING  POWER:  SOmW  AT  5  VOLTS 

•  FULL  MILITARY  TEMPERATURE  RANGE 


Description 


Pinout 

valid  word  C 

- V. 

1 

]  Vcc 

€NCOOE«  SHif  t  CLOCK  C 

3 

23 

3  ENCODER  CLOCK 

TAKfc  DATA  C 

3 

22 

3  SEND  CLOCK  IN 

serial  DATA  OUT  C 

4 

21 

3  SEND  DATA 

DECODER  CLOCK  Q 

b 

20 

3  SYNC  SELECT 

BIPOLAR  ZERO  IN  C 

6 

19 

3  ENCODER  ENABLE 

BIPOLAR  ONE  IN  £ 

7 

18 

3  serial  DATA  IN 

UNIPOLAR  DATA  IN  C 

a 

17 

3  BIPOLAR  ONE  OUT 

DECODER  SHIFT  CLOCK  C 

9 

16 

3  OUTPUT  INHIBIT 

COMMAND/DATA  SYNC  Q 

10 

15 

3  BIPOLAR  ZERO  OUT 

DECODER  RESET  £ 

1 1 

14 

3^6  OUT 

GND  C 

12 

13 

3  MASTER  RESET 

The  Harris  HD-15530  is  a  high  performance  CMOS 
device  intended  to  service  the  requirements  of  MIL- 
STD-1553  and  similar  Manchester  II  encoded,  time 
division  multiplexed  serial  data  protocals.  This  LSI 
chip  IS  divided  into  two  sections,  an  Encoder  and  a 
Decoder,  These  sections  operate  completely  in¬ 
dependent  of  each  other,  except  for  the  Master  Reset 
function. 

This  circuit  provides  many  of  the  requirements  of 
MIL-STD-1563.  The  Encoder  produces  the  sync 
pulse  and  the  parity  bit  as  well  as  the  encoding  of  the 
riata  bits  The  Decoder  recogni/es  the  sync  pulse  and 
identifies  it  as  well  as  decoding  the  data  bits  and 
check  ing  par ify 


This  integrated  circuit  is  fully  guaranteed  to  support 
the  1MHz  data  rate  of  MIL-STD-1553  over  both 
temperature  and  voltage.  It  interfaces  with  CMOS, 
TTL  or  N  channel  support  circuitry,  and  uses  a 
standard  6  volt  supply. 

The  HD- 15530  could  also  be  used  in  many  party  line 
digital  data  communications  applications,  such  as  an 
environmental  control  system  driven  from  a  single 
twisted  pair  cable  or  fiber  optic  cable  throughout 
the  building. 


APPENDIX  C 

PROGRAM  MODULE  LISTINGS 
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RhFC'FF 

1 1-1 

MOV 

cr.:.  Clio 

ririP4 

F:RF«~ 

1 

MOV 

Hi  .  XTHTIJ® 

FE 

1. 1  F. 

OUT 

re-:.  HI 

’.SET  ENCOC'EP  ENHF’LE 

v'n'iMr 

FFC  It: 

1 1 .' 

C'EC 

RL 

FE 

11® 

OUT 

d::hl 

RE’SET  ENHBLE 

i'n*iRj=i 

RFFr»Rri 

11® 

MCiV 

f'l  ■  100 

•SET  r'HTH  INDEX 

ririR[' 

PRFRFF 

J2G1 

f-Ol.lT 

MOV 

r*X.  OUTPCiPT  .  OUTPUT  PoPT  HL'LX 

ririEiv"^ 

:=:P0=- 

121 

MOV 

h;:.  TDHTHir-i  i 

FF 

122 

OUT 

CC ; .  Hx 

CiMFx 

Fr^FiF.rifi 

12: 

MOV 

r  !  !  •  F. 

■SET  r'ELH’i' 

ririB»:' 

F2FF 

124 

NEl'T 

LOOP 

NEXT 

C'ELHV 

RRFr'FF 

125 

MOV 

d::.  Cl  10 

i-iriEE 

EEiiM 

1 

MO'-/ 

HI  ■  C'ftTH_OUT_l 

12* 

•SET  C'HTH  ENCODER  ENHBLE 

ririE[. 

EE 

1  ?•=• 

OUT 

CCC  HL 

FECf; 

t7ri 

RFC 

RL 

i'lflf  I'1 

EE 

j"i 

0«JT 

C'X.RL 

RE’SFT  DHTH  ENCOr'ER  ENHBLI 

fn'ii"  1 

•1F 

1 : 2 

DEC 

DI 

Rv^r  2 

■IF 

J  "■ 

C'FC 

C'l 

riTii* " 

“P'Er'CuTnj 

I'-i 

r  MP 

D I  .  RVOl 

I'lfir  7 

1:5 

TRF 

C'OI  IT 

GET  more  DHTH 

riRr 

RHFC'FF 

1  'F 

MOV 

tee.  Clio 

fiRi"  c 

FC 

1:7 

INI 

ir4 

HL .  C'X 

rifir  [> 

2'1 

irs 

RNr- 

Mt  .  ;  0H 

v^rii'  f 

“  r  '  R 

i“- 

r  MF- 

ML- ;0H 

RRC-l 

7SF-? 

I'lR 

IMF 

INI 

RRC'" 

Ei: 

1-1 1 

I  n:- 

IN 

HI .  t-:-: 

Rri[.4 

r'REri 

1-12 

■JHL 

RL  .  1 

ot^r  <1^ 

22  FR 

m; 

IMP 

I N2 

CtRC^: 

RRFRFF 

14-1 

MOV 

DX. INRORT 

rniC'E; 

FC 

IM 

HL .  t-;c 

firiCM" 

7R«:  7 

1-1F. 

CMP 

HL  .  E’.H 

mC'E 

7?-^?C- 

147 

I  ME 

lUMF 

tiRPR 

14® 

MOV 

EiVOL .  1 01 

.  PE’r.ET  BUFFER 

E'37F.FF 

14® 

IMP 

IPTEST 

BFF^RR 

15R 

RCV 

MOV 

C’l  ■  100 

PiP»E»“ 

RFiFr'FF 

151 

r*iru 

MOV 

ccx.riio  , 

■-ET  10  LINE 

EC 

IN 

HL .  d;< 

nPiFCi 

RRlCi 

IS' 

TEXT 

ML. 10H 

i 
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r 


MC?.-y6  f.P 


I  or  OBJ 

OOF?  74F8 
OOF  4  Fi; 
iai3F5  C'OEO 
V30F7  77FF1 
0OF9  C'OEO 
O0FE  7X^3^. 
OOFC'  PBFftFF 
0:1  00  FC> 

0101  '■?S‘456S 
0104  7 COM 
OJ  OF.  7 4 OP 
0J03  S^OFCOM 
01  OB  740'3 
OlOC'  SjEFOr 
01  10  EBC'M 
OJII’  -17 
out  PhFhFF 
01  IF  OMCt 
'31  13  OCf'J 
01  IM  FFCB 

one  ^t'E'1 
OtlE  FF 
01  IF  F'.MFC'FF 
oi;;’  PO'or 
0174  EE 
01t":i  FEC3 
0177  EE 
'3128  8E:F7 
'31  2M  F8'30'3'3 
012C’  F82FFF 

O0'"n3 


BTl 


L I  ue 

SOURCE 

J2 

DINl 

1^.5 

DIN2 

IN 

ML.DX  .INPUT 

i^>e 

SHL 

ML.  1 

157 

JNB 

DIN2 

158 

SHI 

Ml .  1 

158 

Ip 

I'MDIN 

160 

M'OV 

DX, INPOPT 

1 61 

INPUT 

IN 

MX.DX  INPUT 

162 

MOV  RDMTMt  D  I  J-  MX 

163 

CMP 

Ml  .  'OMH 

1  6-1 

J3 

SHOPT  SENC' 

165 

CMP 

MH.  i3MH 

166 

13 

SHOPT  SFNDl 

167 

■?UP 

DI.  2 

16:? 

TMP 

C'lNl  .GET  M 

168 

SENI'l 

INC 

DI 

17t'* 

FENI' 

MOV 

DX. OUTPOPT 

r . 

MOV 

ML .  BL 

I  72 

OP 

ML .  20H 

17' 

t*EC 

ML 

17-4 

:<0P 

MH.  MH 

1  75 

OUT 

C'X.  MX  .  FENI' 

1  ''6 

MOV 

DX.CIIO 

1  7'" 

MOV 

ML. STMTUS_1 

C'UT 

DX.ML  .  FNMBL 

178 

DEC 

ML 

1 80 

C'UT 

DX.ML  .PESET 

181 

MOV 

SI.  DI 

182 

CALL 

0UTPUT..C'MTM1 

187 

JUMP 

IMP 

IPTEST  . STMPT 

18'1 

PTPROO 

ENC-8 

1 85 

ENf- 

STMPT 

VMLID  WORT'  LINE 


FT OPE  DMTM 


GET  MORE  C'MTM  IF  NEEDEI' 


WORt' 


. OUTPUT  DMTM 
liV'ER 
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1  I X-  11  nr  X-;=:F.  hFxFMBLEP 

VI  0  H 

SSEMPI.V 

Cip  MOC.CJLE  irjs.ljp] 

mRIFTt  NOnULF  PLRt.'Fi:'  \t\ 

F  I  irt- 

MB]  MBl 

H-'.xEMPLFP  UJVO»  Er'  BV  RSf' 

t'.F.  Fl 

INiMBl 

HXM  f*P  FP 

1  nr  >-,p  T 

L  ItIF 

-  OMF  i:  E 

1 

.  Itpr-8TF  i:  C'EC  7-^ 

PMBI  IL 

iriPUT . 

r-MTHi 

— 

,•1 

PTf'ElTH 

•.-■EGMErJT  COMMOH 

firuiiR  ’ 

C'HTFi 

r-E: 

10-1  DOP':0. 

fni 

i'nj»::x  .  S  j 

r. 

r-u 

7<7  r-op‘  -■ . 

CtRC-ri  ■'  ■  *'  *' 

- 

PVijl 

r-w 

I’lrifv'  *'  '■  ’■  '■ 

>: 

iri.i’if. 

[‘U 

-• 

— 

PTt'PTH 

ENDF 

iv^i 

t 

— 

17 

PTPPnr. 

PFOMEfJT  F'UPL  I C 

14 

R*f.?.iJMF 

C?  PTPPOG.  ['?.  PT[’OTh 

0018 

t:  Mti: ; 

EOll 

)f:H 

i:h3  1  ;• 

IF 

COMP 

EQi  1 

OOOR 

17 

LF 

EOl  1 

OOH 

i'iri7F 

J8 

PUP -OUT 

EUU 

7FH 

1  ^ 

70 

INFUT_r.-RTt=ll 

PPOC 

ririrnj  ’=‘,z 

21 

PU?H 

b:-; 

rirujl 

FThPT 

rirtv 

C'l .  10] 

riM04  r  Bu'iti'i' 1 

24 

r-i'iv 

DOTOCDIJO  CLEOP  PVTE 

Mfujr  R  POxn  . 

JS 

inr-RTH 

fliltV 

c:c.  COSH 

ri0OM  FF['i 

7F 

CMl  1. 

c  ;< 

rtfiMi;  ”>:rF 

2' 7 

c  riF- 

OL.  PIJP_OUT 

ROOF  r41E; 

78 

!;;• 

SHOP!  EPPOP 

■I'lx 

78 

I'hP 

OL .  c  om:  ; 

r^r^l^'  r4?i. 

“  0 

-IE 

SHOPT  t’LIME  .  C'ELETE  1  INE 

|'1M14  'C  17 

:  j 

•:  MF- 

HL,  COMP 

fiiilK  74^0 

*  7 

JE 

SHOP!  PLIME  iPEPPIMT  LINE 

0Hli8  "i:0M 

”  2 

c  rip 

RL  OHH  .CHECK  FOP  LItJE  FEE!’ 

"MlH  7^EF; 

:-i 

TF 

I NORTH  .[.'ON  T  STOPE  LF 

rifi  l  r 

" 

r.TOPE 

MOV 

C'HTRC  DI  :■  RL 

i^n'ilE  ~  *■  0L.’ 

if. 

i:hp 

R1  .  0['H  .  CHECL  FOR  CP 

0ii.“jO  7*1 4[' 

7  7 

17 

CR_LF  .  IF  CP  PRINT  CP  1  F 

On.'j^  7P.:E['7vjn 

78 

r  MP 

I'l  CLMS  CHECF  FOP  FML.L  BUFFER 

RR26  7442 

78 

JE 

EFULL 

••'1028  4F 

4C( 

DEC 

t'l 

0028  EBC'C 

41 

JMP 

I NORTH 

0H2E:  8:<FFF.‘=; 

47 

EPROP 

CMP 

C'l  .  101 

O02E  74C‘l 

■17 

JE 

STRPT 

O  -17 

44 

INC 

01 

I'lO?!  &RF2-FF 

4  ft 

MOV 

OX. OFFF^H 

62 


BS'.-EMBl  EB 


INSUPl 


Mi.S-SE. 


L  or  OF: 


LlfJE  SOUBCF 


Ci0  7  4 

El 

48 

CHECK 

hOOI 

•1  ? 

7  7 

r4FE: 

■18 

r»ti7  'S' 

bofoff 

rii'i'c 

8R05 

51 

rifi7E 

FF 

'h 

0i7i7  F 

EBl8. 

^^“14  1 

54 

[•LIME 

Pit'^44 

FFC'l 

-■ 

0y4t- 

EBB? 

58 

BL  I NE 

000  8 

57' 

OO*^  B 

FFC'l 

'8 

ri04L' 

8‘?7'Er'000 

OOT'l 

BF8500 

80 

CHF 

>'5tri*;i4 

PRFJ'FF 

81 

OO^'T 

EC 

8*7' 

0058 

R801 

83: 

OOf.H 

74F3 

84 

005i! 

BRFOFF 

85' 

005  F 

•.?Re“' 

88 

0081 

EE 

»:-7 

v’1082 

'IF 

88 

0087 

'B^Er'OOO 

8'? 

v!i087 

77EB 

70 

0085* 

EB'?r 

71 

IN  HLC'/: 

TE?T  RL.  1H 

iz  cheli 

MOV  C*X.t]tFFF0H 

MOV  RLC'HTRCC'M 

OUT  t'X-  PL 

,IMF'  INDRTR 

MOV 

rp,l  I  rv  .CB  LF  iUBBOUT  INF 

IMF  JTmBT 

MOV  c::-  -torH 

,-^ll  .CB  LF  •fufboutiue 

MOV  BVOL  ['I 

MOV  t'l  lOJ  .  INITIOLirE  POIMTEB 

MOV  OFFF2H 

IN  Fii--  C’ 

TF’r-T  FIL.  IH 

}-  CHf 

NOV  t>ls-  OF  FF  OH 

MOV  BiL- t’FlTFlt  [>1  ] 

OUT  t*:  :•  FiL 

C'FC  C'l 

CMP  [•I-PVOL 

.IR  CHV 

IMP  INC’RTR 


0066  <1 F 
OOfc'C  C60^'OC‘ 
O06F 

OOri'  FFC'l 
0074  ‘IF 
007“  C  EOfiOR 

0070  F7C 70100 
007i:  74  01 
00 7E  IF 
007F  P'?2Fr'O0O 
008-  “'6 
0084  C ' 


T*  J 

BFUI.L 

OEC 

7*;. 

MOV 

78 

CP-LE 

MOV 

77 

CRl  L 

7B 

C'EC 

78 

MOV 

80 

81 

teft 

17 

83 

oec 

84 

EVEN 

MOV 

85 

POP 

88' 

RET 

87 

INPUT, 

[■RTfll 

88 

PTPPOO 

EMC'S 

8'^ 

ENO 

M 

C'RTRt  C'l  ]■  OC'H 

rv. 

C  -•< 

to 

fRTRt  O I  1 .  ORH 
M  1 

SHOBT  EVEN 
C'l 

eVOL-  T'l 

b:-: 


ENDF 
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w 


nr ‘.-.-86  ft‘=.‘=;EME:l  FR  OUT  l 


I -  IS 

-II  Hrs-Sb  BSSEMELEF 

'v'l  II'  B'S 

SEMBLV 

OF  MOt.lJLF 

OUTl 

nEIECT  MOnULF  PLBCED  IM 

Fi  OUTl 

*:*B  T 

BS-SEMFLEF  INVOKED  FV  flS 

Mt5t.  FI 

oiiJTl  08 

M  C-F  EP 

L  tjr 

OF  I 

LIIIF 

80*  IPO  E 

1 

UPI.mTF 

i;  C'Ei:  7-4 

POFLIl 

0UTPUT_D«Th1 

— 

.1 

PTr>HTR 

•f-EOHEtlT 

C  OMMOn 

'  10.1 

OF 

104  MJp.;  . 

0*068 

'  IC'.! 

1;. 

r-HTM 

f'F 

104  TiUp.'-. 

0000 

' 

7 

BVOiL 

r.'U 

0OiC'Jl' 

.1F0O 

8 

0  LM‘.-. 

I'll 

70 

— 

Cl 

PTDrtTR 

Eni'S 

— 

1  0 

PTPPOO 

SEOMEtJl 

pupL  1 1; 

11 

-• 

BSSIJME 

CS  PTPPOO.  C'S  PTC'FiTh 

0C*00 

J.C. 

j: 

•‘1 

OUTPUT 

-C'BTBl 

PPOC  UFFlP 

*'1000 

‘1F. 

If- 

16. 

■-■TRPT 

[•EC 

SI 

OlCn"*! 

PF  tf'OO 

t? 

MOV 

01.101  .SET  POIMTEP 

*"'*00  4 

PBFJ'FF 

18 

CHFCT^ 

MOV 

d:>:.0fff2h  .  set  ortb  pefiov 

R1 

0100  7 

Fi: 

19 

in 

BL. ox  . IHPUT  OBTB  PEBDV  LIME 

0008 

0001 

";0 

TEST 

BL.  IH  .TEST  OBTB  PEBOV  LINE 

Ol0Ct|=| 

74  F '.5 

21 

JZ 

CHECK 

000C 

BBFOFF 

22 

MOV 

OX. 0FFF0H  . SET  OUTPUT  BOO 

•.■’100F 

SiR4':.E.F 

23 

MOV 

BL.FVTE  FTP  OBTBIOII  .OUTPUT 

Dl 

01012 

FE 

2*1 

OUT 

OX, BL  : OUTPUT  OBTB 

0Oil  2 

■IF 

C'FC 

01 

riOii4 

:fff 

26 

TMP 

01.  SI 

0iv?*16 

7^.Ei: 

27 

inz 

CHECK 

0018 

('  7 

28 

PET 

29 

OUTPUT, 

DBTFil 

ENOF' 

— 

?0 

PTPPOO 

EHO'S 

:  j 

ENC' 

1 

i 

I 

t 
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MCS-Sf.  ftSSEMfel  FP  C'PC2 


ISIS-II  NrS-S6  flSSEMBLEP  VI  8  ftSSEMBLV  OF  MuC'OLE  C'BCX' 
object  MOOULE  F'LRCED  in  F4  t'BC;-  OBJ 
HSSEMBLER  INVOKEC'  BV  HSMSE  F-*  t-BCI'  hSM  OB  EP 


LOC  OB  T 

LI  HE 

BOUPr  E 

1 

HpfOTE 

1  TUHF 

1  '-^BO 

_ 

: 

STMt'^  . 

FO 

■i-FOMEfU 

•t 

OBBt.tr-if 

riuTHIHO 

C'W 

.jO  ['UP'  ’ 

BTHi  1  .TOP 

LrtBFl 

UOPO 

FO 

Efjr*'f 

— 

PTrc-RTH 

•TEiiMENT 

10 

1 1 

Ri.-iJMF 

r^OTHUJG 

t:* 

0000  ’  ji* 

!  7 

TC'RTh 

[■II 

[.IJP'  ■ 

■ 

OO'^O  ' 

POP  TO 

[•II 

t'UP-  ■ 

• 

vlOBi?  "■  ■'  ■'  ■' 

pr  nr- 

C'W 

00:51’ 

i*=- 

B’yrii 

r.'U 

v?0S4 

}  T 

cor‘r'5 

[•U 

*• 

IB 

— 

1? 

PTrpftTO 

ENC'I. 

10 

— 

ll 

PTrppoo 

SEOMENT 

WOPC'  PiJBl 

n: 

11 

E/:tpn 

TPEO  BVTE 

FT5-.-IJME  CS  PTCPPOO  PTCfRTR.  'SS  STRO-' 

RSC.UME  ES  SEO  TPEO 


FFFB 

.7F. 

IMPnPT 

EOU 

CiFFFBH 

FFFFi 

1? 

OUTPOPT 

ECU 

BFFFRH 

FFFE 

10 

lONPOPT 

EC'U 

CiFFFEH 

FFFf' 

.':•=* 

C  1 1 0 

EOU 

RFFFBH 

FFFC 

*  0 

C  28t*C‘ 

EOU 

CiFFPCH 

FFFl 

"1 

'f.priPT 

EOU 

CIFFF2H 

0001 

pvprv 

EOi.i 

2H 

0007 

''I 

BTBT.l 

EOU 

C 

0001 

7  ‘1 

C*FtTR_l 

EOU 

1 

OOZE 

7T* 

PPMT 

EOU 

TEH 

001 0 

2F. 

T[>B 

EOlJ 

IRH 

0020 

7  7 

SVP 

EOU 

2  PH 

0000 

Z8 

VWE: 

EOU 

S0H 

001 F 

7- 5* 

RMFlBK 

EOU 

IFH 

0020 

40 

TRNSB 

EOU 

20H 

41 

42 

EXTPM 

OUTPUT 

_DRTR2 

NFRR 

43 

EXTPN 

INPUT. 

r’RTR2 

NERB 

65 


Mrs-;?*:'.  EP  r)Br2 


t  1  H' 

MB  T 

L  I  r  4E 

■-.ULJBC  E 

44 

E'.LTPri 

itTF'i.T 

MERP 

lIlViflM 

- 

F- 

'1  '!• 
•IB 

BThFT 

MOV 

uy. 

.  PTrC'RTR 

riri0“ 

xEC'x 

4  7 

Ml  IV 

C-B 

.  R::  .  IMIT1HLI7E  ORTH  BEGMEMT 

ijriM?' 

Bx - 

F' 

■IB 

MLi',* 

H'. : 

BELi  TPEO 

riMMW 

>:Er  m 

‘1 

MOV 

E'- 

.  R  'X 

nrnjiH 

BB - 

P 

*^.ri 

MOV 

RV 

.  BTRCl -BEG 

riMMr* 

xEL'O 

•"■t 

MOV 

-  r::  .  IMITIHLIZE  ■2TRLF  'BEGMEMT 

riv'n;iF 

Bt.  iXiiC'i 

MOV 

■BP 

.  OFF BET  BTRCL-TOP 

MH  1 1' 

i_  ‘MViii  n.iyM 

*^»r 

MLiV 

ev 

i'JL  .  0 

. IMITIRL17 

E  UBRPT  POUTUJE 

i'n^i  w 

BBFBFF 

S7 

Mi.'iV 

co^; 

BpOPT 

MM  IB 

BMBS 

MijV 

RL 

BBH  .peset 

MMlC* 

EE 

•"-B 

OIJT 

f'X 

hL 

rioiE 

Bi'i 

MLiF 

riruF 

Bu:'-. 

B1 

MOV 

ML 

:-BH  .CMC- 

ru'i  jl 

FE 

62 

OIJT 

ox 

RL 

•=•1? 

62 

NOF- 

ROB'', 

64 

MOV 

RL 

6BH  . PEBET 

FE 

6  2* 

OUT 

r-:: 

RL 

TimX.'*:' 

66 

MOP 

BkirF 

67 

MOV 

R1 

OLFH  ■  MiJC'E  BET 

mViI"? 

FE 

6B 

OUT 

cl; 

RL 

fini'H 

‘iM 

6'B 

r^op 

rirH'B 

Bt:'2'=^- 

7tj 

MOV 

Hi 

2‘f-H  -  L  MC'  be  T 

EE 

71 

OUT 

I'X 

RL 

rn?ii:E 

ROFF 

72 

MOV 

RL 

OFFH  .  UB.RPT  BFTTLIMG  C-ELRV 

I'lfi  1  lii 

B 1  n-; 

72 

MOV 

CC 

7BH 

Ch?  -  2 

r'2E'? 

74 

BC-ELRV 

BMP 

Cl 

Cl. 

“  4 

7S 

MOP 

FEi'.B 

76 

r-EL 

RL 

nrr.T 

r^FB 

.TMr 

5[’Fl.M'r’ 

I'n'i  “ 

bmfeff 

7B 

MOV 

compopt 

riri*  I' 

BlLl 

MOV 

r;--;  . 

•?'B'4’.4H  .  CONTPOL  UOPl' 

Mk'HIF 

FF 

B1 

OUT 

f*::- 

MX  IMITIRLITE  FRPRLLEL  POPT' 

rij*i4k2i 

bmftff 

B2 

MOV 

d:b 

C2RC>[- 

v^M4r 

El 

IM 

RL- 

[•:  :  -  IMPUT  TEPMINRL  ROOP£-B’B 

Mri44 

.■•41  F 

B:7i 

RMf* 

RL 

RMRBI  . MRBL  UMUBEO  BITB 

Mfl.  t  B’ 

Bh[-B 

B6 

MOV 

PL 

Rl  ■  BTOPE  IM  BL  PEG 

MM4:r: 

BBFB 

B7 

Mii'v’ 

PH- 

F:l  -BFTUP  TIMEOUT  C'ELRV  E;RBEt 

mmO  M 

rH3Er 

B”c: 

■Brtl 

PH. 

J  OM  THE  TEPMIMRL  ROOPEBB 

i'n'i4C 

r-tiE  7 

B'B 

BRl. 

BH. 

1  -  THE  2  ‘BHIFTB  MUl.T  BV  4 

r'iri4E 

BOL  7L1H 

■BO 

ROC- 

PH. 

ORH  RtT'  to  TO  THE  C'ELRV 

Tins  1 

E  BmLimL'I 

E 

•B1 

LRLL 

OTF.BT 

Hk»54 

fh^:f 

■B2 

MCiV 

RL- 

PPMT  . OUTPUT  PROMPT 

f'trtSF, 

FF 

■B3 

OUT 

c>:  ■: . 

RL 

'44 

BE:2FB2i.ji?i 

■4*1' 

MBFUL  L 

MOV 

C'l- 

evoL 

PimSB 

BjEFLiO 

‘46 

SF'Tl 

r  MP 

C'l  • 

0 

rn-i^.E 

r50B 

'47 

JMF 

C-SE  T 

iTi'iF.M 

BRF2FE 

•jO 

MOV 

c*:l. 

•2.priPT 

66 


MC-.-P,*-:  flSPEMBLEP 


C'pr 


LHC  Oe.T 

L I HB. 

SOURCE 

ViCit-'i  EC 

99 

IM 

RL,.  i'>: 

CiCiE-4 

1  ijO 

TEST 

RL. RXRCV 

'  .TEST  SERIRL  PORT 

7^'E.r 

ioi 

JMZ 

TIP 

1  07 

CiiH*:":?  ;BHrF 

JO? 

[‘SET 

nov 

CL  -  BH 

^  INITIRLIZE  TIMEOUT 

i^OF.R  EHFC'FF 

104 

MiJV 

c-;  .  c  1 1 0 

1  .HRNOSHRIE  LINE  RL’C’S 

RCiF,['  EC 

1 OT. 

M I MF- 

IN 

RL.  ox 

.  INPUT  HRNC’SHRKF  LINES 

vTihF.E  RyiR 

1  OF. 

TEST 

RL .  TOB 

.  TEST  TRI  E  ORTR  L  ir4E 

nri7vj  7*57'^' 

J  07 

JNZ 

upfl 

■  TMP  IF  H  ONE 

FFC7 

lOR 

OFC 

Cl 

riR74  7‘^>F  7 

1 09 

IMZ 

MTNP  .  TMP  IF  lIMFCil.iT  r4uT  FINISHFC' 

Ciri7F.  T"FF, 

1 1 0 

FNi 

:;0R 

-2. 1  .  S I 

.FINf'  NEW  CONTROLER 

t"iri7C;  >:BC  t- 

111 

r  WST 

t-iov 

RX.  SI 

MfirH  mC  C'Ci 

117 

OR 

RL .  7OH 

.-SET  TRNS  BIT 

R07C  PhFhFF 

1 1: 

MCiV 

os:.  HiJTPijRT 

v'in7F  EF 

111 

OIJT 

OX.  R:: 

.OUTPUT  COMUftNC'  WOPD 

rn'iRvj  BRFC’FF 

1 1  :■ 

MO'-/ 

C'X.  Clio 

7im;:7  BOC*' 

1  IF. 

MO'v* 

RL .  STRT 

.1 

nrix':,  FE 

J_L7 

OUT 

C’X.  ML 

.  EriPlBT  P  TPrjf. 

rn-iBF,  FFC:-; 

1  1 8 

DEC 

RL 

fe 

J  1 9 

OUT 

O'-;-  Rl. 

PEiPT  EUBBLE 

riCv;”?  B 1  Cvj 

1  70 

MOV 

C  L .  7 

BET  TIMEP 

nriBB  FC 

171 

CTr-iu 

IN 

ML.['X 

INPUT  BU[.  TF?T 

I’lnRi*  RBlC 

1 77 

TEST 

RLTOB  . 

iIiWN  UiJP[. 

r'n'iBE  7“’iRF 

17: 

TNZ 

Tsvr4r 

CiV/i'.-'vj  FFC'i* 

174 

C-FC 

CL 

1*1^91  7SF7 

J7S 

TN? 

CTC-iri 

riri94  FBC 

176 

IMF- 

-SF-Tl 

Ciri9B.  hBJ'm 

177 

TSVUC 

TEST 

RL . SVB  . 

TEST  SVNC  BIT 

7Af.  1 

1  78 

JZ 

SPTl 

.TUMP  IF  1  OW  '  ['BTm  • 

riri9R  BlO-1 

179 

MOV 

CL .  4 

SET  TIMFP 

7n‘i9C  F  i' 

i:o 

C  VUT 

IN 

RL.  C‘X 

MXRkI 

12  1 

TE-"T 

RL .  ■-.■•UB  ■ 

TEST  FOP  VBLIi:.  NOP[‘  HI  OH 

Cn'i9F  7SCiF 

177 

.TNZ 

CRC’T 

.'ii  iRi  FEi’.  9 

1:2 

C'EC 

CL 

7irm:  ^"^'Fr 

J  “4 

JNZ 

C  VNT 

FBB-I 

1  :''^' 

IMP 

SPTl 

MCiRr  9BCF. 

I2i=- 

CRf-T 

MCiV 

RX.  SI 

CiRR9  ^‘UF 

1:7 

RNf- 

RL .  RMRS4 

RRmB  CHCr 

1  “  8 

L  MF- 

RL  .  BL 

rrmC' 

i:-^ 

Tf4F 

ST 

mHihF  ;;;"FF'*iri 

140 

L  MF- 

C-I  ■  0 

CiriB2  7‘U?»F 

1 41 

JE 

r4C  w 

riRE;4  F9C  7^1? 

147 

JMF 

SNC’S 

RCiB7  BiCiF. 

SI 

M'riV 

C  L .  6 

RRE;'?  EC 

144 

TC-INl 

IN 

RL.  os: 

CirBR  hBIm 

147. 

TEST 

RLTOB  . 

TEST  FOP  TBkE  DhTm  HIOH 

RRBC  7^7‘’-' 

1  16 

jr4Z 

IIREC 

147 

RFiE’E  FEC9 

148 

[•EC 

CL 

OMf  y  rSF  7 

149 

JNZ 

TO  INI 

RRC  2  '1 6 

150 

ML  W 

iNi: 

SI 

INCPBMENT  BUDS 

Ci0C  2  C:lEt-1  for 

151 

RNt- 

SI.  RMRSl 

.  MBSK  IJNWBNTFD  BI 

ROC  7  :?3FF»'^0 

157 

r  MR 

[•  I  0 

mOCR  7SRi: 

152 

jr4F 

C  WST 
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Ml* 


['Eli:;' 


h'-.-FMEU  EE- 


1.  rtr  fip  1 

L  irJE 

■;dupi: 

•'Hji.  i:  &HF:-Ff^ 

1^.4 

MV’II  F  F|- 

l^T- 

riri[  'M  mxfc 

1  ^'F- 

74M‘! 

1T.7 

F 

TIP 

IFO 

IFl 

PlFF^ 

1  F..: 

PHFr-FF 

1F7 

i^rifit'  pr 

IF-' 

rC'T 

Hvin 

1  F7, 

‘■iri[.F  r'/iFiF, 

1 

CiriEi  Ffr-.^ 

IF.  7 

nijF:  r«^.F7 

1 

FpxF 

1  F  4 

1  70 

1  71 

MPFi: 

r4tip 

17J 

Mi'lEE  PlFlfi 

1  77 

ririET-  FC 

174 

"HT 

^'^•■■lEE  Mflxi'i 

1  75 

fn’iFvIi  r^;i07 

1  7F. 

v'lijF^  FFi.  ? 

FiriF4  rT.F7 

17:^; 

ririPK  F'^k:'Ff 

1 7-4 

.I'SPTl 

1  PC 

i"iriF4  prfpff 

i:=tl 

MC'C'T 

^'i»‘iFr  ED 

1  F:  “• 

kiiiFC'  \l.BFO 

1  F:^ 

rinPF  .--T.iFFP 

1  F:4 

'ml': 

iOT- 

1-1104 

1.  FtF 

Fi  1  riFi  F  Ti.  F..''tjOO 

1  :t:7 

I'll  OP  2 >:■ 

■  1  or  f'OFi: 

1F:P 

mOE  C'OEi: 

1 90 

P110  OPiM 

IRl 

r?? 

Fill  4  x&Fx 

1  97 

Fil  IF  F'.r'"EriO 

194 

Ml  1-7  ^BEF 

19*7 

Ml  IE:  xRi.F 

1 9F 

TC't'',' 

Ml  1C'  BmFC'FF 

197 

‘■'Id'O  FC 

19:-; 

Tt'TTT 

Ml^'l  H:t:iO 

1'^'^ 

P17:  rsi-? 

700 

01^7  FFr7 

701 

Ml  ■■7  7':.F7 

70  7” 

M  1  2'?  xB  "  E :fC‘OR 

707 

Oi;:'C'  F74F.FF 

.704 

01  :  0  FE:E:S 

Z'OS 

.lUPEC 

706 

mI'J;'  :-;1'FFmv3 

707 

EiTFST 

01  7^4  7 

70:7 

MOV  [■;<:.  spoPT 

IM  ML.  E'V 

tf-.t  ml.  PXprv 

Tr  rU'E.T 


IfiPUT  .['MTM2  .  ItJPUT  ['MTM  FPOM 
TFPMIrjMI 


MOV 

'IL  .  OFFH 

■SET  TIMER 

Mil'-/ 

[•;:.  LI  10 

irj 

Ml  C-X 

tfft 

ML.  TC-E: 

IM.' 

NPFr 

C-Er 

ri. 

TM7 

TC-T 

1  ME¬ 

FNf 

TE  ST 

ML .  SVE: 

TEST  CMC'  C'MTM  LIME 

17 

T-SPTl 

IF  LOW  LOOT  FOP  TMl  E  C'MTi 

Mr*  ■/ 

«:  1  • 

.'.-.FT  TIMEOUT  FOP  VMLIO  WOl 

IM 

PL  ■  r-: : 

tfst 

PL .  VIJB 

.  TE5T  FOP  VMLU'  WORO  HI  OH 

TM? 

PCT'  r 

f-Fi: 

FL 

TNZ 

VUT 

TMF- 

■SPTl 

MOV 

[•::.  iNPOPT 

IN 

P7: .  D7 

:  INPUT  CMf'  WCiRC' 

Mij'i.' 

SJ .  p;: 

PNC- 

MM  . 0F8  J  FH 

CMF- 

Ml  .  EL 

TNF 

.I'?.PT1 

TEST 

51.  TPM'BB 

TNS 

ETFST 

SHF’ 

MH.  1 

THI'S  'SEOUENCE  tells  THE 

SHF’ 

MH.  1 

HOW  MMNV  DMTM  WORDS  WILL 

MC»V 

ML.  MH 

EE  COM  I  NO 

:-:0F 

MH.  MH 

MOV 

I'l.  MX 

M'jV 

BP.  S2  ■ 

INITIML2E  PEOISTEPS 

SUF: 

BP.  C'J 

FOP  MEMOP'r'  STORMOE 

M'jV 

ll.  BH 

SETUP  TIMEOUT 

MO'v' 

Clio 

IN 

ML  ox 

TEST 

ML .  TC'E 

1147 

I NVU 

C'Er 

Cl 

1147 

TOTST 

MOV 

C'J  .  BVCL 

TMF- 

FNC 

JMF- 

WPEC 

FMP 

0 1 . 0 

INF 

■srios 

68 


LIMF 


SOURCE 


Mrs-S6  OSSEMBIER  dBCI' 


lol  obi 


Hl.r  E921FF 

TMP 

SPTl 

I'lj  I  H  Hw2»il 

21 0 

IMVW 

TEST 

HL,.  SVB 

211 

TN7 

VUT  .  IF  SVUr  BIT  HUSH  JUMP 

HllE  BitiK 

21 2 

MOV 

CL.  e  .SET  TIMEOUT 

H14M  Fl 

21? 

I VIJ 

IN 

ML,  DX 

01^11  Hft&Ci 

214 

TEST 

ML,  VUB  .TEST  VRLID  WORC'  LIMF 

014?  r^-o? 

215 

IN? 

DIN  i  JUMP  IF  HIGH 

0.1  4 T.  FEC'? 

216 

C'EC 

CL 

0147  rsF? 

217 

TN2 

IVU 

OHO  FOICFF 

218 

IMP 

DSET 

v"il4r  FihFOFF 

218 

C<  I U 

MOV 

rc-:.  IMPORT 

ril4F  EC' 

27*0 

IN 

HX.  DX 

':V1  jO  ~EE;0.1  7  40 

221 

MOV 

RDRThC  BP  It  DI  T  RX  -STORE  I't- 

OiS4  07EFO? 

222' 

SUP 

C’l. 

oj?.?  roc  2 

2”' 

INS 

TDDV  .  JMP  IE  C-I  MOT  MEG 

0150  OOCj 

224 

MOV 

RL.BL  .  SEND  STHTUS  UORL' 

0^5E;  :2E^i 

225 

VOP 

RH.  RH 

0:1  5C'  FirfhFF 

MOV 

t’X.  OUTPOF  T 

01 EO  EF 

. 

OUT 

DX.  RX  OIJTPUT  STRTUS  WORC' 

OlEl  BRFr-FF 

228 

MOV 

C'X .  c  1 1  i;i 

0164  F:vIiO? 

22"^ 

MOV 

ML.  STRT  1  . EMRPLE  TPMS 

1  B  S  F  E 

2*20 

0«JT 

cc-:.  Rl 

CUbF  FECS 

221 

C'EC 

RL 

fUF.B  EE 

222 

OUT 

C'X.  RL  RESET  EMRE;LE 

C'lbft  FS'C'CiC'C 

E  2": 

CRLL 

OUTPUT  .DRTRl' 

OlEC'  BRFt'FF 

MOV 

C'X.  Clio 

iJ'irC'i  BIFF 

225 

MC'V 

CL.OFEH  .set  TIMEOUT 

Fi; 

226 

TC>1 

IN 

RL.  d:-: 

01  72  F(310 

22  7 

TFST 

RL.  rC'B 

0175  75BS 

22‘8 

irjz 

JUREC 

0177  FECB 

Z'“  *2* 

C'EC 

CL 

0173  75F7 

240 

IN2 

TDl 

017E  F3FB.FE 

24  1 

IMP 

EMC 

242 

017E  MlSOOO 

242 

•8r4t''2. 

MOV 

MX.  RCMC'  -  LORD  RC  WITH  REC 

0131  BBFFiFF 

24  4 

MOV 

C'X.  outport  ^commrmd  word 

0184  FF 

245 

i:»uT 

C'X,  RX 

01 85  boo: 

246 

MOV 

RL.  STmT_1 

0187  BFlFC'FF 

24  7 

MOV 

C'X.  Clio 

0180  EE 

248 

OUT 

C'.X.  RL 

018B  FELX 

2  4  'r* 

C'EC 

RL 

01  81'  FE 

25*0 

OUT 

DX.  RL 

018E  bd:eoo 

251 

MOV 

BP .  e.;- 

0131  7E;EF 

252 

SUB 

BP.  D1 

0132  B305O0 

252 

MO'v 

C  X .  5 

01  3F.  E2FF 

254 

PC't  V 

L  OOP 

RDLV 

0138.  ERFFIFF 

"^55 

OORT  R 

MijV 

DX.  OUTPORT 

01  3E  :<E3B02 

256 

MOV 

RX,  TDRTRt  BP  3C  DI  J  -MOVE  DHTR  TO  R' 

013E  EF 

257 

OUT 

DX,  RX 

01  3F  BRFC’FF 

25y 

MOV 

C'X.  Clio 

01 R2  B001 

258 

MOV 

RL.  C>RTfl_l 

01R4  EE 

260 

OUT 

DX.  RL 

01H5  FEC8 

261 

OEC 

RL 

01  R7  EE 

262 

OUT 

DX.  Rl 

01 R8  B30E.00 

262 

MOV 

CX.  P  .  DFLRV  FOP  C'RTR  WORD 

69 


hS'-EMEI  tP 


C.'PCi.' 


Lor 

OB  T 

L  I  ME 

SOURCE 

OlHS 

E2FE 

C'C'V 

LOOP 

oov 

M  l  M[' 

B2EF02 

2'F.^* 

SUP 

DI.  2 

ni  E:m 

r'r.EB 

JN? 

OC'ftTR 

Mie:’ 

BlOB 

2-E»7 

DLV2 

nciv 

i:  L  .  6 

MJ  B4 

Fi: 

2't*S 

HSTC- 

IM 

UL .  C'X 

•  LOOT  I MO  FOP  STmTUS 

MlE:':- 

HO  10 

2*F.*^ 

TPST 

BL .  TC'B 

.  TEST  TRTE  C’RTR  BIT 

Mi&r 

2T>0'’ 

270 

trjz 

8MT 

ri  ^  e  ^ 

FEl'-r* 

271 

[*E>: 

CL 

m.Be 

rsF? 

272- 

INZ 

W8TC* 

ril  BC' 

•1F. 

2  7~ 

JCWST 

IMF 

81 

XB3EB200 

27^ 

MOV 

D  r .  eVOL 

v'i  1  r 

F-.^BTFE 

27S 

IMF- 

CIJ8T 

ri  1  r  *=•, 

Hx2'0 

2’7F. 

8MT 

TEST 

hL -  SVB 

.  TEST  -SVMC  BIT 

v'>1  r  r 

r^EO 

277 

IZ 

DI*t'2 

.  IMP  IF  LOU 

M  IL 

B '30*100 

27B 

MOV 

c:-:.  A 

rijr  r 

EC 

7'7-=' 

8VIJ 

IM 

FiL .  r-x 

Old- 

BBBO 

.‘‘80 

TEST 

ML .  •■.■•I  JB 

■TEST  VRLIL  UORL  BIT 

M 1  r  F 

3':.v:i7 

28 1 

IMZ 

SRT  . IMP  IF  HIGH 

I'lU'l 

FEC  '3 

.’’82 

DEC 

CL 

7'5F7 

2B~ 

IMZ 

S'M 

iMl'Z 

F'37FFE 

IMP 

MBFULL 

BftFBFF 

287' 

8t=lT 

MOV 

o::.  iMPOPT 

rilC'B 

BBOEBOOm 

28E- 

MOV 

i::-:.  pcmc- 

ritC'F 

80E 1 1 F 

287 

MNI- 

C  L  .  HMRSI: 

FC' 

2B'8 

IM 

MX.  cf: 

mie: 

■fti:  1 

2  8 ‘3 

r.MP 

flL.  CL 

rii£-, 

7‘;.C-F 

2*30 

IME 

IC  ll-ST 

r  7OE'B2OtiO0OO 

281 

MOV 

PVOL  ■  0 

»?I1EC' 

F  BOOOO 

E 

2‘32 

CPI  L 

OTEST 

n  j  F  c 

F:0:-E 

28': 

MOV 

PL . PPMT 

.  SEMC'  PROMPT 

riiF^' 

EF 

2B«1 

OUT 

C-X.  RL 

i'HF: 

■  IFF 

;:op 

t'l.  [■! 

til  F^ 

F37FFF 

2BF. 

TFNi: 

IMP 

PMC 

PirpPOG  PNr.'S 

Mfit'O  FrU'  STSPT 


HOPD 
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MCS-86  RSSEMBLEP 


INSUei' 


I  SIS- II  MCS-86  ASSEMBLER  VI  0  RSSEMBLV  OF  MODULE  INSUB2 
OBJECT  MODULE  FLfiCEt'  IN  FI  INSUE2  OBJ 
ASSEMBLER  INVOFED  BV  ASM8B  FI  INSUB2  ASM  EPDB 


LOC  OPT 

L  I  HE 

SOLIPCE 

1 

.  UPDATE  1*8  MAP  1980 

— 

5 

RTCf'ATA  SEGMENT  COMMON 

4 

ASSUME 

DS , RTCDATA 

0000  '  t“4 

t- 

DhTh  DB 

64  DUP* 

0040  ■  3.J1; 

7 

Dll 

32  DUP’  '-’ 

00S0 

8 

PCMt-  Dli 

evOL  DW 

-• 

0v3§4  ^ 

10 

CAf-C’S  DW 

u 

— 

12 

RTCDATA  ENDS 

1- 

— 

14 

STRING^SEG 

SEGMENT  WOPC'  PUBLIC 

15 

PUBLIC  TPEO 

1*5 

ftS?lJME 

ES  STPING.SEG 

0000  ■:'>I4';r524D‘194E‘11 

1? 

TREO  DB 

TEPMINAL  ADDRESS  - 

<1i;2041444452‘1T. 

5Sf.22O2D20 

0012  ^'<14':i‘524D494E41 

18 

ERMES  C'B 

TERMINAL  ADDRESSES  APE  FROM  0  Tu 

4C20'114'144=.24^. 

^.252‘15':.32041':.2 

‘1520'1';^2'1F4C'20 

3  0  2  0  5  ‘1 4  F  2  0  3  3-  ”i 

1*? 

— 

20 

STPINQ_SEQ  ENDS 

21 

— 

22 

rtcppog  segment 

WOPC'  PUBLIC 

23 

PUBLIC  INRUT_DATA2 

24 

Ei'ITRN  OTEST 

NEAP 

2' 5 

ASSUME 

CS  RTCPPOG  DS  RTCDATA 

26 

ASSUME 

ES  STPING.SEG 

0018 

28 

con:  ;  EC'U 

ISH 

0012 

28 

CONP  EQU 

12H 

000R 

30 

LF  EOU 

0AH 

007F 

31 

PUB. OUT  EQU 

7FH 

0014 

■^2 

CT  EQU 

14H 

0300 

LI HP  EQU 

308H 

000D 

34 

CP  EQU 

0DH 

0492 

35 

SCR  EQU 

4'82H 

0030 

36 

RSC0  EQU 

30H 

37 

38 

0000 

38 

INPUT_DATA2 

PROC 

71 


h'Ssehbi.er  insup^' 


LOC  OB.T 

LINE 

SOURCE 

40 

*51: 

41 

F-IJ8H 

EX 

MMC1I  T't- 

■12 

PIJ8H 

SI 

V?  2  X 1  i' t.  *  0  0  0  F  F  0  7 

4  2 

RNC> 

PCMD.  7FFH  .  CLEEP  DRTE  NO  FROM  STOI 

►'1008  BF3.F00 

•14 

PE 

MOV 

DI  .  bJ. 

i"iri0E;  r  F.risri0 

cl 

NFE 

MOV 

DETEIDn.0  .  CLEER  FIRST  MEM  1 

000E  F'30803 

48 

MOV 

CX.LINP  .LETTER  INPUT  ROUTINE 

0011  FFC'l 

^1  ■? 

CRLL 

CX 

001 J  3.1: 1't 

48 

CMP 

EL.CT  .TEST  FOP  CONTROL  T 

0015  74 le 

49 

JE 

ITflC'OS 

0017  ■:r7F 

50 

C  MP 

EL  .  PUB_CilJT  ;  TEST  FOR  PUBOUT 

MHl?  74 IR 

51 

TE 

ERROR 

001B  71-18 

52 

r  MP 

EL.CONX  .TEST  FOR  CONTROL  X 

0011'  7424 

S2 

TE 

DL  INE 

001F  3.1:12 

54 

C  MP 

ELCONR  TEST  FOP  CONTROL  R 

0021  7427 

55 

TE 

PL  INE 

0023  'COR 

58 

CMP 

EL.LF  .TEST  FOR  LINE  FEED 

0025  74E7 

Cj"? 

JE 

INDETE  , IGNORE  L INE  FEED 

0027  8805 

58 

STORE 

t-10V 

DETEC  C'll.  EL 

002'?  3C0C' 

59 

C  MP 

EL.  CP  .TEST  FOR  CEPPEGE  RETIJRN 

002E‘  74  :B 

80 

JE 

CR_LF 

0021'  'IF 

81 

DEC 

C'l 

002E  7425 

82 

JZ 

BFULL  .  JUMP  IF  BUFFER  FULL 

003  0  FBC’C 

82 

JMP 

INDETE 

003  2  FBE-O’^'O 

84 

JTftC'OS 

JMP 

TEDC'S 

00:5  8:fF7F 

8.5 

ERROR 

CMP 

DI.B:  .TEST  EOF  EMPTY  BUFFER 

0028  741'i 

88 

JE 

NFB 

002  R  -17 

87 

ItTC 

DI 

002  B  F80000 

E 

88 

CRLL 

OTFST 

002 E  8R05 

89 

MOV 

EL.  DETEC  C’l  I 

0040  EB 

70 

OOT 

DX,  EL 

0041  EBCB 

71 

JMP 

INDETE 

004  2  &8‘?20‘1 

72 

t'LIUE 

MOV 

CX.  SCF 

0048  FFC'l 

74 

CRLL 

CX  .CEPPEGE  RETURN  LINE  FEEC'  ROUT 

0048  EBBE 

*7® 

JMP 

RB 

004h  B'?‘?2'04 

78 

RL  IfJE 

MOV 

CX.  SCR 

0V74C-  FFl-1 

77 

CRLL 

C  X 

0 4  F  8  2  F 8 2 00 

78 

MOV 

BVOL.  C’l 

0052  BF2F00 

79 

MOV 

D I .  bS 

0  V?  5  8  F 8 0 0 0 0 

E 

80 

Ck  ~ 

CRLL 

OTEST 

0059  8R05 

81 

MOV 

EL.  DRTEC  DI  J 

005B  EE 

82 

OOT 

DX.EL  .OUTPUT  MESSEGE 

vi05r  4F 

82 

DEC 

DI 

005C'  2B2E8200 

84 

CMP 

C'l .  BVOL 

0081  77Fr 

85i 

JR 

CK3 

0082  EBR9 

88 

JMP 

INDETE 

0085  C8050C' 

87 

BFI  ILL 

MOV 

C’ETRCDIMIR  .  STORE  CERREGE  RETURN 

0088  B99204 

83 

CR-LF 

MOV 

CX.  SCR 

008.e  FFC'l 

89 

CRLL 

CX 

0081'  F7i:  70100 

90 

TEST 

Dl.l  TEST  FOR  EVEN  OP  ODD  NUMBER 

0071  7404 

91 

J2 

EVEN 

0072  4F 

92 

C'EC 

DI 

0074  C80500 

92 

MOV 

C'ETECDIJ.  0  -  STORE  0  IN  UNUSED  LOC 

0077  ei'4000 

94 

EVEN 

MOV 

BP.  bM 

72 


INbUEi2 


Mi'S-St  FISSENBLEP 


Lirii: 

06  .r 

LINE 

SOURCE 

»3ti?R 

2BEF 

95 

sue 

BP.  DI 

.  THM  ROUTINE  STORE'S  THE 

fH3?r 

'3’92ERX:00 

9b 

M0V 

eVOL . BP 

.  DHTR  eVTES  STOPEC' 

8BFC' 

97 

MOV 

01.  BP 

:9BCT. 

90 

MOV 

RX.  BP 

THIS  ROUTINE  STORE’S  THE 

riri§4 

I"  DO  200 

99 

sue 

RX  ■  2 

NUMBER  OF  UOPOS.  TO  BE  TRI 

I'n??;  7 

24  jE 

1  00 

HNC- 

RL. 3EH 

0  I'S  ONE  MOPD  lEH  IS 

RkisE"? 

B102 

101 

MOV 

CL  -  2 

32  HORI.'S 

MRyB 

02EO 

102 

SHL. 

RL .  C  L 

OCUrJC' 

0B0E-B10F1 

103 

OP 

B*yTE  FTP 

RCMI.+l.  Hi 

Cn"iRi 

^-E 

10-1 

POP 

SI 

RijiH  j 

OB 

105 

FOR 

b:< 

0091 

r  I 

10b 

PFT 

0094 

:  ;fb 

J  07 

TRf-f-S 

^:op 

S  I  .  -9  I 

00'9if, 

:t:mi:  j 

09 

MOV 

RL .  BL 

009;:: 

:2E4 

109 

:-:ctp 

RH.  RH 

OO-^R 

Riot'. 

110 

MfiV 

C  L .  b 

O0'9C 

CCEO 

111 

SHL 

h;  '  .  r  L 

00  RE 

RI'Ov^OO 

11."' 

NOV 

RCNC*.  H.'.' 

OORi 

B9'9204 

ii: 

MOV* 

c;:.  scp 

00R4 

FFt-1 

11 --I 

CRLL 

C !  i 

OORi:'. 

E  :::HiO»IiO 

E 

Ilf. 

COT 

CRLL 

OTEST 

k’tOR'9 

2t">:R*  40000 

P 

1  If. 

MOV 

FtL.E'l  TREOCSi:  .  SEriC.  TEPMItJRL 

117 

Ht't'RESS  REOUEST 

OORE 

FE 

1  IS 

C'UT 

HL 

OORF 

,1  ^ 

11-? 

Iric 

•21 

Oi’iBO 

ojFFi: 

120 

»:mr 

■£.  I  1'8 

nOB;  ~ 

72FJ 

121 

TB 

COT 

OOBT' 

::C'B 

122 

XOP 

ex.  ex 

OOB  r 

f  19060 1 

12:- 

Rirj 

MOV' 

ex.  LiriP 

OOBR 

FFC'l 

1  2.1 

CRLL 

c 

OOBt' 

ZlOC- 

12f 

CMP 

HL .  C  P 

TE'ST  FOR  CHRRHOE  RETURN 

OO&E 

r40E 

12E 

JE 

FIN 

OOl  0 

2*1  .Z  0 

127 

SUB 

ML  FtiCO 

CONVERT  TO  PCI' 

i'iOl  tfj 

rsC‘0 

128 

Jf. 

IF  LESS  THHN  .3  PRINT 

128 

MESS.HOE  H'jHIN 

OOl  4 

Z  C  09 

i:ci 

C  MR 

HL .  •? 

IF  GREHTER  THHN  '.a 

OOi'  if. 

r7c  c 

131 

-TR 

TFlC.t.8 

JUMP 

OOC :? 

9RFR 

1:2 

MtjV 

eH.  BL 

MOVE  NUMBER  IN  BL  TO  BH 

oru:  R 

:?R[:-6 

1?3 

Mt'iV 

BL  .  HL 

STORE  NFU  NUMBER  IN  BL 

OOC 1* 

FEE? 

17 ‘1 

IMF 

HIN 

OO'I  E 

6992’04 

12f 

FIN 

MCI*/ 

c .  .3.1;  P' 

SFNt'  CHRRHGE  RETURN  HNU 

OOC'l 

FFDl 

1 

CRLL 

C  X 

LINE  FEE!' 

OOC'l 

BBOROO 

137 

MOV 

r::.  10 

THIS  ROUTINE  CONVERTS. 

OOC'F, 

Ft.E7 

13:8 

MUI 

BH 

THE  PC[.  NUMBER  'STOREI. 

i;.? 

IN  B:  :  HN[.  C0N"ER1S  IT 

oOC'y 

02C  3 

l.?W 

RC'C' 

Ml  BL 

TO  H  BINHRV  Nl.IMPER 

OOC'R 

j:ClF 

I'll 

C  MR 

HL .  3-1 

TEST  FOR  BHC'  HI'I'PESS 

OOC'C 

7707 

1‘12 

TR 

BRC-rj 

OOOE 

090B80O0 

I'll 

OP 

PCMC-  R  -: 

STORE  HM.RESS 

00E^ 

E929FF 

I'H 

JMP 

irJC'RTR 

0OE5 

B99204 

l-lf 

eRC'r4 

MOV 

CX.SCP 

■SENC'  CHRRHGE  RETURN  HNC' 

O0E:9 

FFC'l 

i-ie 

CRLL 

C/l 

LINE  FEE!' 

00ER 

32Fe 

1<17 

;  :op 

SI.  SI 

00EC 

E  00000 

E 

I'is 

OTS 

CRLL 

OTEST 

00EF 

2bBRR4 1200 

P 

I'f? 

MOV 

ML.  E-;.  EPMFSl  81  1 

73 


Mt:?-3e  RSSEMBLEP  IHSUB.'- 


Li'n: 

OB  .T 

L  I  r  4E 

xMi  iF-rf 

v:iriF‘1 

EE 

l'->u 

OUT 

ox,.  RL 

. OUTPUT  MESxRGE 

fitTiF*:' 

‘IF 

I'.l 

irjr 

xl 

rti'iF  F' 

■■?:ff.'-: 

t'r.2 

i:  MP 

X I .  T-P 

.  TEST  FOP  EtiC-  OF  ME; 

111  if- 

r::f- 1 

Tp 

iTlF 

'  M  iF  F 

fe-hp 

IT-’ 

I*".". 

I  ■"•F 

trip 

TRCT-x 

Tf4pi  IT  _C'HTh2 

Er4r>F 

IS? 

— 

J  '^  ‘.  x 

PTrpPOG 

ENC'X 

Ff4r‘ 

3hijE 


74 


MCS-86  RSSEMBIER 


OUT? 


ISIS- 1 1  tirS-S6  RSSEMELER  VI  0  flSSEMBLV  OF  MODULE  OUT? 
OBJECT  MODULE  PLACED  IN  FI  OUT2  OBJ 
ASSEMBLER  INVOKED  BV  ASMS6  Fi  OUT2  ASM  EP  DB 


LOC  OBJ 


LINE  SOURCE 

1  : UPDATE  19  MAP  1980 


0000  ' 3^ 


00*1 0  '  64 


0080  ■’■'I"' 
0082 
00Si4 


0000 


‘1D4SS7S-:.1147'1‘;. 

2046'''24F<1D205‘1 

45‘524D494E414C 

20 


001F 


0000 

0000 

BAF2FF 

0002 

EC 

0004 

A801 

0006 

74FB 

0008 

BAF0FF 

000B 

C2 

4 

6 


10 

)1 

12 

12 

14 

15 
16. 
17 


RT  CDATA 

SEGMENT 

COMMON 

DW 

32  DIJP(  '^:> 

DATA 

DB 

Dtjpr>j 

RCMD 

DW 

BVOL 

DW 

CADDS 

DW 

PTCDATA 

ENDS 

STRING-S 

;eg 

SEGMENT  NOPD  PUBLIC 

ASSUME 

ES  STRING _SEG 

TSRNG 

DB 

MESSRGE  FROM  TERMINRL 

18 

19  STPING-SEG  ENDS 

20 

21  RTCPROG  SEGMENT  WORD  PUBLIC 

22  AMASK  EOU  IFH 


24 

26 


20 

ri 


24 

->ca- 


PUBLIC  OUTPUT_DATA2 


PUBLIC 


OTEST 


CHI 


OTEST 


OTEST 

ASSUME 

ASSUME 

PROC 

MOV 

IN 

TEST 

J2 

NOV 

RET 

ENDP 


CS  RTCPROG.  DS  PTCDATA 

ES  STPING_SEG 

NEAR 

D:»:.  0FFF2H 
AL,.  DX 
AL.  1 
CHI 

DK. 0FFFOH 


000C 

IS 

OUTPUT _DATA2 

PROC 

39 

0492 

<10 

SCR  EQU 

4S2H 

41 

000C  B106 

42: 

MOV 

CL.  6 

NEAP 


75 


MC--.-Se  flSSEMBl  EP 


OUT£ 


LOi:  OBJ 


L I  ME  SOURCE 


0O0E  D3EE 
0010  81E61F00 
0014  8S3f:o4O0 
OOlS  33FE. 

OOIR  Sj: 

OOIB  BF3FO0 
OOIE  2BFC' 

0020  E8DDFF 
0023  2fc.8R84OO00 
0028  FE 
0029  4  F. 

002R  83FEJ  6 
O02t>  72FJ 
O02F  3 SCO 
0031  R1S400 
0034  27 
O03S  8RE0 
003?  240F 
0039  B104 
003B  t'2E8 
0030  OT'SeSO 
0040  8BC)8 
0042  3C30 
0044  7406 
004F  SRC  3 
0048  FSeSFF 
O04B  EE 
004 C  ESBIFF 
004F  8RC7 
00f.l  EE 
00';.2  B99204 
OO'riT.  FFDl 
0057  ESR6FF 
O05R  3E8R'1340 
0O5E  EE 
0O5F  4  F 
0060  79F5 
0062  FS9BFF 


P 


SHP 

SI.  CL 

RMO 

SI .  RMRSl 

K 

MOV 

CRDDS.  S 

I 

XOP 

SI  .  SI 

PUSH 

BX 

MOV 

DI.  63 

SUB 

DI .  BP 

■ IHIT  PEOISTERS  FOR  DRTR 

CRLL 

OTEST 

MOV 

RL.  ES  T-: 

SPHQC  SI  I 

OUT 

DX.  RL 

.  OUTPUT  MESSRGE 

INC 

SI 

CMP 

S 1 . 22 

■  TEST  FOP  END  OF  MESSRGE 

JB 

CH2 

XOP 

RX.  RX 

. C  LERP  RLL  FLRGS 

MOV 

RX.  C  RDDS 

DRR 

MOV 

RH.  RL 

RND 

RL .  OFH 

.  MRSI:  LOWER  BCD  NUMBER 

MOV 

CL.  4 

SHP 

RL.  CL 

ROD 

RX..  3:030H 

.  RD  JUST  TO  RSC 1 1 

MOV 

BX..  RX 

CMP 

RL..  20H 

•check  fop  0  IN  HIGH  DIGI 

JE 

P2D 

MOV 

RL  .  BL 

CRLL 

OTEST 

OUT 

C'X.  RL 

PRINT  HIGH  DIGIT 

CRLL 

OTEST 

MOV 

RL .  BH 

OUT 

DX.  RL 

PRINT  LOW  DIGIT 

MOV 

CX,  SCP 

CRLL 

cx: 

"CRLL 

OTEST 

MOV 

RL.  DRTRC  BP  DI  I 

OUT 

DX.  RL 

OUTPUT  DRTR  TO  TERMINRL 

DEC 

DI 

JNS 

CH6 

JUMP  IF  DI  GPERTER  THRN  i 

CRLL 

OTEST 

0065  BOOR 
0067  EE 
0068  8B3E82O0 
006C  83FFO0 
O06F  7506 
0071  ESSCFF 
0074  B03E 
0076  EE 
0077  fS 
0078  C3 


82 

MOV 

RL . ORH 

83 

OUT 

DX.  RL 

S4 

MOV 

DI . BVOL 

CMP 

DI .  0 

JNE 

PN 

8? 

CRLL 

OTEST 

88 

MOV 

RL.3EH  .> 

88 

OUT 

DX  .  RL 

•  SEND  PROMPT 

88 

PN 

POP 

BX 

■81 

PET 

82 

OUTPUT- 

DHTR2 

ENDP 

84 

PTCPROG 

ENDS 

85 

END 
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Mrs-36  ASSEMBLER  CriNTP 


ISIS- 1  I  Mf  S-36  ASSEMELEP  VI  A  ASSEMELV  OF  MOt-ULE  CONTR 
object  MODULE  PLACED  IM  El  rOMTR  OBJ 


ASSEMBLER  INVOKED 

BV  RSM66  FI 

C  ONTR 

9Rr 

(  nr  OB T 

LINE 

SOIJRCE 

] 

■  UPDATE  jC-i  AUG  79 

— 

7 

sTACf- 

_  8EG 

SEGMENT 

.-1 

RS8UME 

NGTHING 

0000  •  i:o 

C*U 

20  DUP-  ''  - 

00 

f. 

stacj 

-TOP 

L  ABEL  WORD 

— 

STACL 

-SEC, 

ENI-S 

— 

BUS- 

SECiMENT 

10 

RSSUMF 

rs  BUS.  [iS  BUS. 

ES  BUS 

1 1 

0000  BO - 

F-  1  ?' 

START 

MOV 

AX.  STACI  .  SEG 

0003  nEDO 

t  j 

MOV 

ss.  a;-: 

.■.no*"'  Br  3:000 

1-1 

MOV 

Sp. OFFSET  STAC 

K_TOP 

0000  OE 

1=. 

P0'7H 

c  s 

OOO?  IF 

16 

POP 

DS 

nnofl  OE 

17 

PUSH 

r  s 

OOOB  07 

18 

POP 

ES 

oooc  pOfrpFp 

19 

MOV 

DX. 0FFFEH 

.  INITIALIZE  I.-'O  pi 

OOOF 

20 

MOV 

AX.  Si8'93H 

0012  FF 

21 

OCU 

t-X.  AX 

001 Z  eOFC'FF 

22 

BECjTU 

MOV 

DX. 0FFFDH 

: CLEAR  VALID  WORD 

0016  6000 

22 

NOV 

AL  •  00 

0016  EE 

24 

OUT 

DX.  AL  i  ACK 

001$*  FECO 

INC 

AL 

OOie  EE 

.76 

OUT 

DX. AL  . CLEAR 

ACK 

00 1C  3" CO 

-Mj. 

:'0P 

AX.  AX 

OOIE  B3fb2' 

2*9 

20 

MOV 

BL.2  . INIT  RCVP  TERM  NO 

0020  P70j 

31 

MOV 

BH,  1  -INIT 

IMTR  TERM  NO 

0022  yOCZ 

-.2 

OENREC 

MOV 

AL.  BL  .  FORMATE  RCVP  COMMANI.-  UORI 

0024  PFlFOFF 

74 

NOV 

DX. 0FFFAH 

■  OUTPUT  RECV  COMM 

0027  FF 

OIJT 

DX.  AX 

0020  PRFi.  FF 

3-6 

NOV 

DX. 0FFFCH 

SET  OUTPUT  ENABLI 

O02B  POO? 

?.'7 

MOV 

AL.  3 

0020  FE 

38 

OUT 

DX.AL  .K-^E 

BETWEEN  OUTPUT- 

O02E  BOOO 

40 

NOV 

AL.00  lap 

OU  .IT  ENABLE 

0070  EE 

41 

OUT 

DX.  AL 

0021  690^00 

•1 2 

47 

MOV 

CX.  ? 

Ei024  49 

44 

DEI  AV 

DEC 

cx 

0075  75FD 

4^. 

JN7 

DELAV 

46 

0027  0RC7 

47 

C.ENXMT 

NOV 

AL . BH  i FORMAT 

XMTP  COMM  WORD 

Nr  S-ftf.  htSSEMBl  EP  r  ONTP 


L  m: 

op.  T 

L  I NF 

SOUPCE 

i'lMi  •? 

0.1  >ri 

•19 

firOB 

BHFHFF 

•19 

rn“i2  E 

FF 

Stli 

rm"  F 

PPFiFF 

riM-;  r: 

POO" 

~* 

rin4  4 

EE 

S-1 

E'.OOO 

riFi4r 

FE 

S7 

i.im4  * 

p-jfiorin 

*=.9 

rifviB 

■10 

S9 

•SHIFTO 

nn-ir 

.•'OFO 

F.Ci 

F-l 

F»l' 

rin-'-i  E 

PHFr'FF 

f: 

T IMF OUT 

iTin"’.  1 

POOO 

^••1 

FE 

F*:. 

FErO 

FF 

FE 

F.7 

F-E’ 

E:ori.iriri 

F.9 

T'»T« 

kVi'I'.R 

BHFC'FF 

7t 

I NPUT 

Tirit-c- 

FT 

7'' 

rin^.E 

f'OEO 

ClfiF.iTl 

7;i' 

7 -I 

7^' 

rii-iE-J’’ 

■r? 

7F- 

FiriE; 

rsF-^. 

- 

Fpr : 

?•? 

INCP 

Tin*;'  7 

FEr' 

90 

91 

JiriE-'r* 

FECr 

92 

fel 

9Z 

riciEf* 

9pr  ' 

94 

CiriE-F 

.'■r  20 

fjT* 

MFi7i 

’■IPki 

SF. 

Wi7Z 

EBHC' 

97 

9.9 

v3i37S 

T'OEO 

99 

COMIiFIT 

*■^^77 

7:  Of. 

■^0 

91 

v?ivi79 

BPFBFF 

•uy 

STUD 

rn"i7r 

FO 

97' 

riri7C' 

SPOT 

•94 

F»Pt7F 

2'fii:2 

9T> 

96 

97 

74E2- 

98 

FBC'3 

99 

:J  00 

eu5. 

ri0i7ti5» 

101 

plC'C>  HOD  XMIT  BIT 

MOV  OX. 0FFFHH  ■ OUTPUT  XMTP  COMM 


OUT 

[  ■X.  flx 

.  SET  OUTPUT  ENBBLI 

MOV 

ox.  OFFFCH 

MOV 

ML  .  ' 

OUT 

OX,.  ML 

MOV 

FiL. .  00 

OUT 

c.;  ;.  BL 

MOV 

C  X .  9 

TNIT  20US  shift  OELBV 

C'Ei' 

C  X! 

f  X;"9  "lose  F'--2'l  ZUS  L'FLBV 

ni7 

SHIFTO  . 

■  i:  L  ehp 

VBLIO  UOFO 

SET  BV  OUN  TPBNS 

MOV 

OX. 0FFFOH 

MOV 

BU  .  00 

OUT 

OX.BL 

rcl; 

I  Hi: 

BL 

OUT 

OX.  BL 

CLEBP  BCL 

MOV 

CX.  .1 

INIT  TIMEOUT  COUNT 

MOV 

ox. OFFFOH 

.  1  OOL  FOB  VBLIO  Hi 

IN 

BL. .  OX 

CBFPV  Fl-Bij  SET  IF  VBLIO  1 

■?HL 

BL.  1 

IB 

SHOPT  lOMC'BT  i  JUMP  IF  CF-'l 

C’Ei: 

C  X 

INZ 

INPUT 

~2US  TEST 

INC 

BL 

INCP  PC VP  TERM  NO  TWICE 

INC 

BL 

INC 

BH 

INCP  :CMTP  TERM  NO  TWICE 

INC 

BH 

MOV 

Bl  .  EiL 

SUB 

BL .  2'0H 

unmbsl  the  zz  bit 

JZ 

BEGIN 

PECi  COUNT,  2  2 

.IMP 

OENPEC 

ISSUE  NEW  BUS  OFFER 

SHI 

BL  .  1 

COMM.-'OBTB  WORD  TEST 

INB 

TIMEOUT  1 

TUMP  IF  CF-O  cOBTB:. 

MOV 

ox;,  0FFF8H  ■  INPUT  STBTUS  WORI 

IN 

BX .  OX 

NOV 

OL  ,  BH 

COMPBRE  STBTUS  TERM  TO 

SUFI 

BL,  OL 

STORED  XMTP  TERM  NO 

TZ 

INCP 

OBTB  EXCHBNQE  IS  COMPL 

IMP 

TIMEOUT 

ENOS 

END 

STBPT 

78 


igure 


8 


TRANSISTORSCA3018A  ARRAY 


I 


111  pUP  .’(H|  \P|.X|  p-(l 


+  12  V 


icufc  I)-'^  |X‘ak  doloclot 


+  12  V 


r 


tfufi-  1)-^'  1  iniitiiii;  Jtiiplit'icr. 


hi^iirc  I)-’  SjmpIf-jnd-h.'M  circuit. 


2N4209  I  -  OUTPUT 


Figure  D-M.  t)aia  regeneraU)r  and  nutpui. 


END 

DATE 

FILMED 

7.- 81 

DTIC 


